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on the first encapsulant and having an active surface having
connection pads disposed thereon; and a second encapsulant
encapsulating at least portions of the second semiconductor
chip. The first interconnection member and the second
interconnection member include, respectively, redistribution
layers electrically connected to the connection pads of the
first semiconductor chip, and the connection pads of the
second semiconductor chip are electrically connected to the

redistribution layer of the first interconnection member by
wires.

20 Claims, 10 Drawing Sheets

(51) Int. CL
HOIL 23/31 (2006.01)
HOIL 23/00 (2006.01)
HOIL 23/538 (2006.01)
HOIL 25/03 (2006.01)
(52) U.S. CL
CPC oo HOIL 24/02 (2013.01); HOIL 24/09

(2013.01); HOIL 24/49 (2013.01); HOIL 25/03
(2013.01); HOIL 2224/02372 (2013.01); HOIL
2224/02373 (2013.01); HOIL 2224/02379
(2013.01);, HOIL 2224/04105 (2013.01); HOIL
2224712105 (2013.01); HOIL 2224/48227
(2013.01); HOIL 2224/73265 (2013.01); HOIL
2225/0651 (2013.01); HOIL 2225/06548
(2013.01); HOIL 2225/06582 (2013.01);, HOIL
2924715311 (2013.01)

(58) Field of Classification Search

USPC ., 2577/686, 1717, 787
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2009/0236686 Al 9/2009 Shim et al.

2009/0243065 A1 10/2009 Sugino et al.

2010/0140771 Al1* 6/2010 Huang ................ HO1L 21/6835
257/686

2013/0256900 A1 10/2013 McConnelee et al.

2013/0341784 A1 12/2013 Lin et al.

2014/0103527 Al 4/2014 Marimuthu et al.

2014/0159251 Al 6/2014 Marimuthu

2014/0217610 Al 8/2014 Jeng et al.

2015/0140736 Al 5/2015 Pendse

2015/0179616 A1* 6/2015 Lin ....coovvvvveivininnn.. HO11 25/50
257/773

2016/0190107 Al1* 6/2016 Meyer ......oooevvvvvvnnn. HO11 23/31
257/686

2016/0276311 Al1* 9/2016 Meyer ......coooeve HOI1L 21/568

2017/0373010 A1™ 12/2017 Lee ..coovvvvvvnvnninnin, HO1L 23/5386

2018/0108644 Al* 4/2018 Kim .....ooovvvvnnnnn, HO1L 21/4857

FOREIGN PATENT DOCUMENTS

KR 10-1362396 Bl 2/2014
KR 10-2016-0047424 A 5/2016
WO 2016/048363 Al 3/2016

OTHER PUBLICATTONS

Tarwanese Office Action 1ssued 1n corresponding Tarwanese Patent
Application No. 106105819, dated May 21, 2018, with English

Translation.

Notice of Allowance 1ssued in related parent U.S. Appl. No.

15/437.766, dated Jun. 4, 2018.
Korean Office Action dated Oct. 22, 2018 1ssued in Korean Patent

Application No. 10-2016-0117476 (with English translation).

* cited by examiner



US 10,304,807 B2

.

.
T T T T T T T T e e e T T T T T T e e T T e e T e e T T T T T e T T T e e e e T e e e T T T e e T e e i e e T T T T i T e e T T e T T e T

.ﬁ...

S8

Tt

e e e B B b

bt o o8 T P o ¥ ot ot ot o o T oF ot ¥ gt gt o o T T b F ¥ ot ot ot ot ot ot T P gt o o ot ot ot ot T o b o o ot ot ot ot T T b b o1 ot gt ot o T

F ol oF o o b b b b e b b b e g e b L F g e

JOIINPLY

§ ot T gt P gt b Tt o T o gt ot oF o b ot o T b T T oF ot b T o o T gt ot ot o gt 1 T ot ot ot ot T P b o ol ot ot ot ot T ot b ¥ ot gt ot T

i | g
00BN

gt T o8 P GF ¥ g T gt T T T g ¥ gk b gt b o T ¥ o ¥ b o o o ot T T oF o gt o ot ot ot ot T T P oF o1 T gt gt T T T ot gt o el ot o o T

g b b E o e

AACLUBIA

Sheet 1 of 10

e T T e T T e T e T T e T T e T T e e T T T T T T T e T T e T e e T e T e e T e T T T e T e e e T e e T e T e T e e T T e T e e T e T T T
5T T T e e e T T e e T T e T T T e T T T T T B B T e T T T T T T T T e T T T T T T e e T T T e B e T e T T T T T T e T e

A L o ERTT G L A L S A M A W Y - m “-u.!_!iilliil*illilll]liliil_li__ " ETE - “Iililliuﬂliuﬂliillilll e = I VA A, A A, L T L A, O M
4
i3] MY SER QAR 1 AR NE NS
£ . . -
2 ﬂqwm nﬁw “...M «\w o _ \am.‘_.. ) m ¥ m...,_..a et
F e ¥ i . “ '
¢
SUBSLOGLUIOD 8L JRMLE SaCiyr
SIUBUOGLIOD BUID LA J iy
oo . + *,

y
r\‘\\h‘\‘\\‘hi\‘\“\“h\\\“\h&\‘h\\\“\\‘H\“‘\hh“\‘\\m\h"‘\.\".\..__I..__-_m\|.-n.\"\.\.‘\\lﬂ.\;‘.\.‘.\.\\.\\h‘.‘.‘\.\.‘\.\\..I...:n.\.ln.\".\".ln.\..._‘..\_...___n.\.\.‘.‘.\.\hn.\;\.‘.\.‘\.\.‘.\.\.\h‘.‘.\ﬁ.\.‘\.l-.\".\".\".\".\".\".\..._-n..-n..\".\".\".\".‘.\.\lﬂ.\\.\.\.‘.‘.‘.\.\.ﬁ.&n‘\.\.‘\.\.‘.‘\.t-.\".\".\".\".\".\..__-n.n-...\..\".\".\".\".\".\".\...\_...‘..\".\".\".\".\".‘\\h‘\\‘\\‘m\h"\i\\ah\"\‘“‘h"\\‘\\Eh\“\“‘\\h‘\\‘\“\i‘\“\

May 28, 2019

Vo,
L N
33
3
R
o
{3
-l
3
G
e
Yo
S
afaak
<
<
2N
a3y
£33
)

L W

GO

e

U.S. Patent



US 10,304,807 B2

Sheet 2 of 10

May 28, 2019

U.S. Patent

e

P
ey

e
™.,

+
+*
+ o kit i i it ii it dd g

-
e
-
_—

G, 2



U.S. Patent May 28, 2019 Sheet 3 of 10 US 10,304,807 B2

L

™
¢

Al il ol o

f" -
=l der. A b S e e e e v S S e

Z

Wl gy

b fr rrhhka:_:J*iFFh
E
0

S o gl e L i b  F K I
e e e e o o 0 e Pt gl W o e e 0 P I S sy

3

‘

Tl ol il ol Py

-l e

e
Wl a N l ul  FF lf a

L
Loke £ g L T

L g

by e

n 3{; .

I - - " - i, . ..;... A _..T_..:.. hhhhhhhh o I m q
- b 4 " r - 4 .
: . . ..l"1I - * L - . ' - - ’h
LRt ."l o~ o= T = -~ T 3
: 1 *- 1 " s & ' . T - b I"
- .l..lJI ** - T 4 * ) ] [ a
& 1 £ L L
i. - *.p.'l . . " a " " . l‘
- Fo - r =
i.- '_l" *4". 2 1 ' L ! ) T v § 1 %
- - - - 1
L Sl -~ )
-+ r - F -
» _+ - _ _ - o . * . -
¥ v 5 v [ ! - . ¥ = 14 i
k- _{"! ™ . 4 4 . y M . . . * . F i‘. a %
¥, . - - . oL :
k- ! 1‘ - ! . ! - 1 > . L] - ® . "
¥ * “_*-‘ v « - ' b o " . ) 7
l* F 5 * 1 v . " P - 1 .
' ! [ ] i L L] ] ] [ 3 I
¥ - 1 L 1 1 - 3 . a 1.
% : - .- - .
;' 1‘1-,'_ ' [ . . 4 o F \ F \ . 2 . ' ] . . 1 Ii.
;- . L ] 4 \ + - 3 r . ] . 4 . " 1 Lk bl . i1 El '
- . > - . - :
P M 1_'-" -7 o L. N . . Lot + - 'ﬁ.‘_'
i. ! Wt ' - . * - - . b y !
| o y - P . " - P k » " PR 4 M _d ¢ . % I
X \'\. - i i = _ -
i - T ) 3
:. 1‘7' v'\r L] L ! N 1 ]
" ¥ 1 - - L] - - " - -
| iy M . L " " T - L . . .
; ) o .‘J.-Pd 1 * ) = ® * ] . * L% t ' Ih‘
] o* TL.o- . . >
P - e T - 3
¥ - R R P, Rt : ;
h ] - " - ! - " . ST, ko
- ;" ..-' 1 L] * [ ] + & A & + + [ ] 4 + & Ih
: o~ - . . ) - . .t - ARSI S \
- - . [ - T - 7 . .
3 - ‘PI- = - F . ™1 k P A
T . -t . . )
1 - T " g DOODODCL
: -t = . + T = %
LT » - v y . N - a )
- ST Co ’ | Ve T T 4
. - = ] § -
) 3 ¥ J|-|.I|I - - - - - an
: - .': 1. Lo < , ] L ! . _— , - T Lo ".
}r I‘.lr'| R L M r L ot ' . N Lt - . 4 - '
i h ‘J . - 4 1 2 1 " - - i . " a
1 o - - . - .
r . . - T - . Y
.t' ':‘ -J. - - 1 . s " - T .
-, - a § e
;— ) 44-' _._.4"' . W, N | 1 , - ST , ‘1:1- 1
j ¥ ...l" - L] = - : . .
- 2 - - - £ N oy
tl A - - - ¥ '|r
; - i 2 o
' N A ¥
h F_r' \ _ _ : f {
. .
P
f‘t J,-r.. JI'II - t 'f m.' “"5.
u""- # e % {.'
o wt . 2 % “
5o ~ v 3
i -,._ &~ '-* X }
Al vt i g
; 2 ! Fl [ 1 't EI' )
, ':a . R = . +* - ? _ L] - L] . 4 . 'K-
: u-n-’l i v b . .r ¢ - "' ot . . ! : L { '
: ‘1IL| -"‘- - - ! . - ‘.\- - - ’ L] - - - ) - : : . & -..-.- - : .-" )
- - - . 3 ' . k -
¥ t . . R - . r T . t ’ . - ' " - ’
L h‘ ] -," ’ ﬂ'q - " ' b - % N k‘l-_ " H". I'Ln *‘hn-
_—u 'E:tt E [T T T AT T AL AAT LT LA LR T TN Y TN EY 'l".t"l:"t"t'l"t"t'}"I:FI"I"I-t"I W 111:1:1:':11:1:
LY L]
¥
&
L
E
Ed
L

Ll P FW":“{
LY
Ty = e Y

A
S

e

L]
. o Lot . N . " . _
EARE LaonRRRfrwwwEs tt-lttttt-:Ittt-lttttt-:‘jttt-ltttttttt
%! N 1
L1
t
'L
i
I.'F
E

{
k AN IR A — ]
O O 3 g

A
o O ol O
Od O NG

3

Y
L.

Ld N U

" E 2 i::; 2 s b B
VA

A e
*‘l.F‘_I'L """.l.:_q.

f
.

O



U.S. Patent

i n Yo

L AEES
LY f*"‘ﬁ:“}
ﬂézgﬁﬁﬁg

DN

L

F 2P
h
& ‘u""hif": P
PEANL £242
Ty T
Lagﬁé

2241
2240 2242

} ffr#lrll".r'

a

"

.
3%

May 28, 2019 Sheet 4 of 10

* :n"'h-..l-l-h **wﬁ-"‘"""""lnh

it = W Y

Ao
gt
E

US 10,304,807 B2

MT A EEEEEYYN YN Y Y

L ]
+.|_ -l |‘.|-r ..-: 1_" f - .‘.-.. .' l‘l-- - 1I.-' 1.1' ‘J.' ‘_-'. ?;" -l
1’&'&:-1;1.‘.-..11 1-..1-.:".. e

+

1;'11.1"«:! 'lq:.t_‘il: . 1 . - ! t . . 1

1'#".:. Lt mhm.mmﬁm :w.n.'m'..m 'n. mnhnm.m'n .‘n- :-rh-m.nwn mmw.mhm ‘h.‘#:!lt.,“‘h.‘.n-.ﬂ'h ™ :-. :n.‘hm.n'n '.b. - nnn‘:..m'n - mhnu‘ih Py

k! . -r - .

TITTIT I T I T I T T T T I T T E T T I T T T I T I I T T I I T I 1T I T I I I T T I T T T I T I A E I I I T T I A NN T EI T T E ST

+ ’
* L]

24
b B '

r

e
T M e gy e e el R R R R i,
Sy

- - l“mm.‘_%ﬁ.nmﬁ"k‘hﬁhﬁmh

.

. P a.-u—u-t-hln-fuu.-ﬂ.‘ “--“"‘P‘:-l*r

L . Y]
1L“L“-. ) . - 'Kn"" " J ., ’ "y i ""-.-_.‘1“
‘1. "-. L 'H FF' T, - ""-.
t H * Y H ) - S L
: . H n Py : " i H ,': 3
E " b + ) £ { *
3 AT R f N, i R b v
V¥ OV ¥ Y VOV ¢V ¥ Y

-+ ¥+ ¥ + ¥ FFFF

+ + + + % =4 FFF R RSEA S g4

L N N AN IR R R D W I
L o
T T T T T

kA om o Lw h -
Ak kA ok + 4k or o hw LT T

T FT =T
4 4k dk kb

L Il T L] ' \ - . o 4 . 1 - ¥ 4 . -
" F 1 ' w L] ) k . r ) a - 1 . - ™ n "™
. - il A . - . ' - . 1 ' - .. . . - . .

: 3 w A [ = x

T 1’_ ] H‘\_ - ".' 1, L L e L] u 1—.‘-\,’ =, . -

- . . i o £ s "'-l,l . ", N "‘\I“
. + Ya 3 . 5 *
: .. - + e
- . at -, “'.p._ Y
'

5,
L s

{.-r.r.*
s

S e T O S, S e e, i S D S S o, e

Sy S S o S S S O D S S D o oy, o, D S Sy e (o, S, i g S S o, e e, B, O S (O S S S S, e, D D

e ey oy m, -———m Aw o
= """l.-

i ,...h_.i.'l:.'l-'-'-.'-.a.q”‘q‘
4 P ——— gy 7y =™

1.:\.:1.1..-1.“&.&.- - - Wmmm
I - %:ﬁ.n S mqhmh. u-:-._.r-.n.-a.
|mmﬂmﬁn -y ‘Mhm oy ﬂﬂkﬁ%ﬁ.ﬂﬁt@%ﬁ.{hﬁ

1-""'." el ."""'"""h!'.']'-'—-r-r-;".‘ n q._... .u q:-‘- . . ‘{ ""' H . -!j.“r - r
. s - LN ST . o _" L -t s

-

™,

**%"ﬂm,ﬂh

H

T ek

> ‘5 _‘1-

A AT, ¥ P o, Iy

. .
vt - LAl ," " § . .
: ,,e R R R e O

¥ * - W r

'\-‘h,_--:“ -tn;-l..-..w'«t.-.. : ‘.“\'\':s;ﬂ ﬁ.%muﬂu .; 3™

Y e e m ,.r.,_..'-

TR S "
wwﬂmwmmmm%%w

[l TR

'u ' :
H‘»‘n&ﬂ%ﬁhhﬁhﬂ%ﬁ‘hﬂh‘hﬁhﬂhﬂﬂt&“ﬂﬂhﬁhﬁﬁhM"&.ﬁmﬂhﬁ“\Qt‘h\h‘ﬁ.‘hﬁhﬂ%ﬁhﬂ

i
Ty

.:... - - - S

. 1- ) -
‘..I 'I-q_- . -\.hr r‘hﬂ“l'l T "‘1. . \ L - . \ "'n-.. v, v ., . *..-. - L
Tar ! A LY r - ¥ - i . . ! L L A
s, Ty " i, . + - . .
ekt ""-t " e ) L 1"\.. al. " ) ! hﬁ- - " *.l. .‘-J.-' F
[ ] n L C [ L] r " 1 ] a
. ' l.I|I s . ‘h‘h.' - ",‘_‘_ '-'. n '|‘1 1!\.'_ 'I'_|_ J-l; - .
*u ' H.. T e L) s B - “r [
LT *‘3 Y
S tE ' ;
-
g i .{" h f 3}
T Y il - .
T [EE— | b WY P hew ) o k‘

S O

L) . L




U.S. Patent

May 28, 2019 Sheet 5 of 10

A iﬁ AL
it Mgy, o Ty
It e AV
{
FEOYOS PE?*& MRS ]
Rt S Rk ;
t L
% i
1 i iy
5 i 7

NSRS

e ey b AL
Q 1, l-;'h:‘.:i- 1T 4'*"'\.""4*

I T S N R R I P e
'n"--i"'l-.'.-l'"-.l"l-,,._"l-'rl"'.-ﬁ:l'\

,m,fn R AR fr,;fj,.-.ﬁ.zt

u I‘..*"--\.r-‘\.-rv‘-..-;\-
'-,.‘h i,:‘a.:\.‘-.‘l. '_-- -'\J"-._ WL

. -‘E{.-n.,‘_;f.__ ™ $ N :
. ﬂ. ‘“'ﬁﬂ.“.'ﬂhﬂ.'t“‘“#«'ﬁm‘ ﬂ-ﬁ". ﬁ.mﬁ‘ﬂ*ﬂlﬂ-". b
!?H_:vﬂ}&\t N S A -53" .Q;ﬁ‘.,_

- - -

' . . . ] . -'.' ’ _ L - B
LN "‘;.'1.'1..:..111..1--1.' -l e xhknmﬁn‘ihtl‘.'i.h‘\.‘- E

_ - = - . . . -

AT
L
. "-:.-""th"

,_f“-_b.

:.u."’q. "u‘l,..'l..-l-:‘..rl..-l-‘-.'!--l..‘q'l..-l..

1 L

™ [ ::,a'l.-:l..nlﬁ.. :
EH " L -F l-i‘
L) 'ﬁ l'. '-:-\'I-\. Jorom [N

P N P "".-
e AL "-';"‘i-
"‘.II-I.'..":“I-‘.""IJ:!"%

US 10,304,807 B2

iy

o

“Ha " T ".'ﬁ."".'ﬁ.'hi". ".'ﬁ.‘ ".ii—?".".'ﬁ.‘:ﬁ‘:“'.
. 1 .

L O L L e . . e .
F 3
[

P
[ ]
L

- - -
- - ]
. -
- = e

-
eyt ¥ i wr r al -. e me o
- v . E] - . M - r ..
¥ - 1 - .. " ' L rowoa
' - - - ‘e .'\- = -
] . a2 - . . -
L t -1 r . - 1 L] T
N - d - ' a ' L] L ] -
. ¥ " . - » ¥
[ ] L. oL " - . > a
B oy (S w P - .o 2. L
] o n s - . . L
-~ a . - . ] -
] . * » N - . . »
0 o . L. ' . o L
. . N - -
AL - > - . - . r . -~
] . * ¥ - - . ) o - L
. . - N . . ' .
..-‘-.;--- a - . ' ' L] '] - -
p ) - - .- = - a e - e
| o r N 1 . . 1 L K
. . - T » - . - - . L} - r ]
. .__|'¢--1- - 4 - - L 4 - - -
.- 1 St - r - " -r - ' - - - LI
et - El -a ' a 1 » F ]
M TR 4 s 4 11 " . = [ [ ' » 1
. - o R . - 1 - & EY
. PR - CaT an ' .- - . '
B 1 S Ta - - o . - - . A .
-+ L] r . E i - . - = . - " ' , '
| . e - . v, - - » - B . f
P o= o d € . v v - - . .
- e - n . ' ] . - - Co e
- F ] - = 4 ' 4 - .- _-':.
] - . - Vo ’ Por - - - o
A, . . a . . - . . o
i . . R . . . AT "
- v - - - ] - e S
[ ] - . . [ . . LI P
L a . ... » ] - PR
“'i - - rr 1 - L] - - A= r 4 ¥
i -, R - - o ) . -
. - - -
- - - o 4 L + of 1 A~ -
' ' N . P r o ' - ' g
a . ot " - ' o
o e DNE RS ar e o . [yl
- AL . . [ L Fl .
] - L ' a p ] - m - ' L 1
. r ' . ¥ - - " '
. - ] - - . . . oy
- . - . L] - e a - -
- . - - ] ] F] . it
N . . - . . a - -
. . [ r . ' ' -
- - L] L3 -4 - -
" - ' " a - s -
- " 14 .. . " P
- o r » i .1 - e
- . - . . - n- - - - - - - .
. - ae . L] - . L] - a - '
R . P - . - ot -
At - ' 4 ' ' . - N L
. - & oalm P L [ - . R
L - - + L ' 1 - H
' o - - a N [
v e o
. . ,u . e .F ot Vo ah .
. L. - - [ ke - o
R . W I " ok ' C -
[ -|-

‘"-. -

h - it "'-. e ""-.. *r i ﬂ._ s, ™ p

L L] L] -
L - . - " -~ i
A I I N I A I T K A A

'y

S8

T \

"I.
SR T T
£

"l'
]
W
|

:
h

) W
e, NN
.'-.‘1;

i Fonn,
ae
“ak

e e i 2o e i e e T
r ] T ]

L

e x J.::-q'."'. i B e

L T A
«:t« St
1a ‘%..ig LA ,ll{*'..l"rl;i.-
*-‘.'-"-2'-‘-11"-

-7:"#'1-“'#1-!'-*&' -’

- . - = - Py T -

- _. ) I .,'.: -, r ‘.}_ _-""'.1 I':'?H_: A

"':-..;..“'I.'i.
R

) - *h- + S S

)

Pl wa ! ’ ’ . "
] 1 ."1'_:'- L]
:’“:"n'* h.-.;l.;.:'l.t' ‘T.I.J.':'.'..hhwtl’ﬁ:}h.m}ﬁﬁlﬂﬁﬁﬁﬁﬁh ‘P."l!l.--.n.n.d. “'ﬂ""?"h -E‘{":-’ﬂ::" '
. "i-'h'h-"-"::\ﬂ--\-'hz-l WR,.:&H#L“} e e :1.’-.-*:‘
¥

%
Yy
%
¥
1,
3y
Y

e W N, S N N 1.11.11‘3-.1;11 T
. " i

'

111}11#11—1.1:;1111?“1 o b o Bt 1?111-}111 -::rvt
- -

\.
f .‘u,. 1.-" .1"'

+5~f?f§15:§: : TR , 7Y
“1‘”*""‘&‘.44‘“*”“ E‘"’"’"““"" i

L

o
-
a
L]

ol .
T Y Y
R
-
-_
_

W - > . > .
T g i 0 o 00 T T, T



U.S. Patent May 28, 2019 Sheet 6 of 10 US 10,304,807 B2

=

.*"I-"'-:_rn" 1-:Ir ‘: _-}'.\u l.-__:l q‘r":l,::-‘b .:.:"- . q - #h-,_' . " TI"\.‘ . ;'.- -i' *."._( . h Lt ."‘."\\; :E:?n:.-;-_.; : ; :".,'-'" ‘:-_‘_':F: ;::?: ‘St"‘-:; .-?EH?:E.%
\"H"ﬂf ] J-l' " u -\hl' . . .'.a . "' ." T ﬂ"ﬂ'.. N -"a.. . ) ’ 1.1"-' "-'l'l l....-..-l..i:l'::)— "'I' ..I q‘ iy "
A '-. o - s 4 RN OO oy et b g g
- '-"':-"f.-"w.- =y ':"E-'*ﬁ"‘ . -'-'-" b ‘.\M T ’ EOORIE GO 11”*-”""1.:;;' >, ﬂ"-"p’%"'h e ""‘-"."' -,
- r L] "_'. . o £ F i . ' oY %" o W s ] . “\ r.
:.";':'* :.:E-': :.:- ﬂ:‘ln- ‘ o ‘r ’\\Q‘ l:I"-l ' h.'-\. ‘|-1."'II . . ".__ . "1\.- \:r_f'-;:-:l;.f-i—::r '\:"' qﬂ‘ﬁ:::‘;.t:‘;-:'.ﬂ::“:\::'&:‘:-kh':‘*{
-..fl‘.-l.:l- I.-I‘I-I. - 'i. l. \:'ll- r . ! 2. L . - ] . cLt - !..'JJ\"‘I:. - "‘F L "'-.l l.:'l-"q- il,:'i- l'j‘!."l '\I.‘ a
e '\-FH- ' u‘\!\.b - . . L ot - . "'N_ . Y i‘-}-l' l‘..'h Ay " "I.'_i"'.;‘\.~
g Ry - , L. s . . . . . - -.."*.;F' S "-c."'.- s *r,"*.__ "‘\
mEat . "f"t'i - o . o : ok e e e ST
- O AL *. l:- r;
4 F"}I t*ll':ll'.i ’ -l "I"I"I'. ---—- :_"‘t":"":t {*::':Lt‘ﬁ" "t-':ttﬂt"‘:’t;:‘“‘:‘I:‘ti‘f‘b‘t““hﬁﬁ'ﬁ‘* F't_{t"‘trtttt*:ti:tttt:tt t:l:'::.‘l:ttﬁ 'll:_‘\l:*ll.:':'i.. 11::11‘::11 "-"_:: " d S ‘ .;-“ R - 1{
PR U - - .. . WLt . r. q I .o - . - Wl - -,". .y . - . ol
'a Y 1.1._1.‘\1."-11\.11111_1\1\}11._1111}.1'\1..- 1-."-.'1.1.1. i'-._._,_‘ 1-.'1:111;1:1.&.}}\;&.}:1_\}} h ‘: v 111}111111 1, N ". : _" Y 'i-'-“i-"-‘l' e 1.1-.11131111\\':,11111\\1:'11\1}1‘1'-111111\ e LI
-..l-..q-.—. e :I-..-. —. u-.-ﬂ.-{ -!:.-..* - .-.. —.l-.{ s 2 o S - d-.-..'-.l-..-.':-."-.* -n..-. .-l...-\-..i-.}_ T om Lt —--ﬂ.—-—-:l- -l--‘_—- l-q- -1_' .. '-“ -ll--l-—-i- . o -.-hl-..-n. - -I-ﬂ:-"‘_-"--'ll-‘-‘ L. “
'I-:'I.'I.'E'l* 1|. ‘h‘ \Jl.'l. L 1} ‘.I 1|.|.;| L 99 !\1..\1..1 -I-'L: 'I."_'I.:,.i._llt:t!hlll'l._ L . . . L, . . . '!.'l.l‘,'l. I‘I._'ll.“,l 'I‘:;I-‘I'l.ﬁrl'l LA L] 'll_.n.lpllllt'l,‘:. ‘t
- o .,'_.-"_-' wio - o rrany N B . L. X ._-"1-'-_' ,|_ﬂ|__..-JI i i ) ) N ¥ .-_-.‘_\'.‘_ LY '

2 gl
v

bt I T ,.’..fr-l-'r-..'__

-
"o
“-‘-:':_:""“"""*-

’ "n_::'
——
{1
3
/

Fh

e
na ¥

i..ﬂi

2141 2144 f“ia‘id -

H
511111111111111111111111‘ ,11111111111111111111171

21 4{}

>

il l..‘":‘ .
L] L |
L
'--.i.".".".'\.\""\\"\\A\\"‘\“\\\\\\

'.r':,.i -i :‘":if}g 2}{}@

o

» r g
"
| R ¢
1 1Y
*
5 \ e
% o=
n ; -~
{ i
: ;
» 1 )
1 ._fl ‘ - €% {J;.‘,, S e A i . . Lo - e R LA L Bt T g F Tt
'.: - “?':':.".I"."_:::r; 1‘““?:_ ;. -.'d_‘_ﬁf:'. T . l.'n.h. - ' - ‘l.l.- ' I..__-'-. ‘:-""\.. . II|I'-.. -"-."‘L - llh. ‘.‘.4 -_IK.‘\‘ gj::::.(-?l: 'i"‘ . .'-:lp .:: “;\':‘:."l-
e A e e e Y -'.'- s e b T W S e o I VER e et "
SN R ‘f‘":»:, . ST RN R N T Ny i A
R et o s Do, Ty R M D N e Y T, DU ' L e e e T f‘} l T.
o, ﬁ:f‘ f}llh i'h-a \RKKWHMIH.I%E%KKH'&EE ot R e 1-.,1-.,1;, a,x 11111,&,%11';&@;1 v ﬁi‘tnﬁ,‘-ﬂn‘ﬂh ﬂ"\‘-q-. .

- x v L L, —
L] } ; “; s "l-:_a-::-_:_-' P 111‘11113:.-,1,1.,\1.:-1:1. -rt"'t'l.'l.'l.lrl + I..}:,‘:}I.l. 'l:::'l._lli‘- 'l.* E% a._l-., ‘. o tl':‘l:":' 'IE}:::IEI&::_.E%'II‘I. ) 1.1.,1..::*. 1._. .‘ ‘.-‘.r""" - ]
R SR _ X -

L s - - N A -': '1-.&. *
’h k r_- 1 -“rl."h. [ '.-".-?.-?rt*‘ - 5 B or o .. ~.'-_.“ . -‘ ‘-" g 1' |:’H e oy :‘: " ._.'J
4 . - e L o
et . LY "t"'n.."t'l.'l.llll. X 1.1-.1:"!. il.'ll.ll..l

;
/
]
¥
7
2
¥
¥
7
F

. ‘ -I_J‘:- . ‘_-r -Il- " -y ":
. ‘ .._-\'-\. . i |___l' . . _.-'I ) . o 1-
¥ - i
‘ - o 1.- o ‘.
" . s ? 7 ‘.
‘ i N o' e ‘.
| T o . - i
| - K i
Y X - {
‘ " ot ‘.
] . . i
X . - )
] - . 2 A,
‘ " .. p" : ‘-
o ' - ' s 1,
) . . o L]
N . W . i
- . at " ! L]
) . a .F L]
] - K i
i . - - 1
‘ r l' ] ._':' ) -1.
‘ 2" - o - ‘.
" d d ‘ {
- ) p - . h
}" . - o ' :I
) - . a e ]
N ) p - . {
) . a . ) r‘-
‘ W o 4 - o ‘.
& - . e - :.
2 - L T \

!_ L] - d 1 ]

rd




US 10,304,807 B2

Sheet 7 of 10

May 28, 2019

U.S. Patent

'-"u.:l-.llll"ﬂ
w
;
Eih%h%%h%%%l%%%ﬁ&“"h%%l%%%&%ﬁ%h%%h%l%
1]

St

4

A A T el e -_..-. .‘tlllfllu«tltlll*\fllllllltllltllf\.

-
{2
A
diglhn

B A A R g e g S L S S R S e g g A S S e e e Y

N I
l.|1

o

ool L 221 1l o

L bl erd

L
|
b

s
Wi

L M e e e T ﬁ
- e Iq

0Gi—.

M +
— A——_
M - o, . A S A
ﬁk o " 3 .1.-.A - + +-“.|.v._. - L3 + A r.l-._.l
: i el i Sy
. 4 - - c o = o a . '
- ' r ea -
n < ' A
.
P
hti‘\lldff g
il FERTRY, . "
]
1l?1iikﬁ\&hfﬂll
L ‘....
. i 1 ., ] v C o, . F . ¥ P,
- L . . N s S I LT A -
- Y a - . . L . . . - EEE L CE e .
- - . . P L. .........q I - Pl
4 4 - “y .. T e Al LT FE i * o
=y ¥ v " ' " " " - joonie sic i mle_ e s min o al
____1.. 7 C L - rrr 1 * r r Ford PR L] n T
w : .
e A P N K s k |.,..... - . Ha
, L A L ] ] E i+ T L] L -
n" 2 ._..,.__r a4 iy J " o - .
2 F] P ] s ik +
L ] a I s - ! S : “ !
] " " = . LY u
- ) 13 : 5 5 s
P w ity )

i " '
A e i
- >
ol oA 1.n._w__ :u..-.._..n__....“..q.._...._......_..-.l-....,.._”-.l.......ﬁ_..._..........__..-”....-......_. e Pl ! ..._...... ..__.uq......._.___.".“.....ﬁ.k
g .-...-._. L R N B T N R Wb = [nd ' » Y
Lo i ol 3 FI B or O I A ] L ] -~ ...,....“n... 4
i i ._...,..,. ._.......1_- .._-n. __..1._..&._.-. ..-..71...7.. P ..... ...1\.”«._" - ._....,.T._....u_r.
y .u._......_..- o LA T . n . & oty i) L
" o > r < .u_T = L]
o S o o
=, i .._“.__.vm. nT )
4w

2
i

-

Wl N

YA

-_ .
” LU : e
I Sl ._“._.:,,._...“..- L ._..__.__.._,4.__..{
g L WL A
I LA e BEELLY Il e 4y Cptafr Ty
AT e N
..qi___.. < -._"-.‘-u_... .nw.-..-.- -hu.‘- ..r.w\-__.nu_ 1 ﬁ-.__._.r-._ .
A g S
Fu - F [ oy ' i
A A e KO i
e ot e GRS DG
T - P ' 3
]
[}
]

N
%

1
L Y £
r I.n L] k
"H".ﬁh“q .w-_«&r
PRI RLT REER il P N

L

T -t L
|u_._ r f.i_ o g e

cdlcoi

s e A T
G A
1 7 hatr. ! el

T S
R I i Ery f.iﬁlﬁ.xﬁnmpl ﬁqz.
LH...:HH_" -.-U......".._.ﬂhu ' ol » .--.“.‘- !"_u““._“. “. »1\1!
S
- ' - L ] (i o e
A .\\r.__..,.it! u...___w._v_.un..qnﬁ_...__.“.H_‘...u“.“...ﬁ.-“h“"w,w:u._._. e
# ' Tl gy TR "
“ % l!l....“.-u_u.ﬂ_‘.“u.“‘m.u_ﬁfr-_.‘l‘ L]
e B R Fei



0l "B

ok H
: £% by 4
Y 2 L
\hk_ M# l.._ll.._-.I.._-.I.:..l___...I____.._____1..._...-.____.l..:..l____......___n.__.-.I..ill.l.:..il.._-.lll..llll.:..ll._-.l._.r +I.n

\v\.-ﬂ.n e

G Sk A
w
]

US 10,304,807 B2

1 %

:h""-
e
ph
"
n
Bt S L
O
7
;
Ew
A Y
N
T
N,
B
o
A
y
£
-h-r-;-hr
")
g,

wnmh S

:zﬂ
gy
"
EY
u
T
i
.."",ﬂ'l
#M‘
-
=
o
e
W
T
2
E
]
>
-
e
2 3
Ak L
- ;L
Wlﬂrttv"“
at™
H"'h-m"""

e

| v R e : . b e T
Aedug ol - 7y tti P e I I AN ..._‘.ﬁ-n__..\n{ Pty gt I ™

L3
s
b it

e At i A i S e Y
-.......”__.Jw-..i.._.... . -

2N,

+

B

-
N
a'm -
-

r

*

-

- - -
numw“&,w'
AN
T Sy
+ AT
- .o d

P
s

'-‘lq-'-wnnmnln.-rw'v-w"n#m.‘
-y

AN
&

3N

W
-

'4:';.

N,
AR Y

s

=

chhi
S
g

4
AT B
2 mme i sk
o A

-k

"
e
-.:1."1.,
il
x

-
-

Sheet 8 of 10

4

r
*
: 'l"
o
n . -|I|
Y
=N
SN
S
e
T Ty
\l\-r--: +

N
g
Nl

o

o

L
A
] *5';_:‘_"
N
"-‘-’t L:'I,

A
e
Y

- - -

-~ r ¥

n
[

-
-

3
v

hg)
Ry
ol
-y
-

[™
Fa
53 %
£
5
&
Y

A"
LY
o

r -r "

y
’
A
L

5

.
L R L R

.
1.'# LR B R R

© ’
- a .
ﬂﬂ]ﬂ\ﬂuq. 1
4 * : L-.r 1 - ~ m
. - . ..llu.ll.rl.."“ =
h.ll LE S l..-. .. .-.... - 1.]..1.. L A r
. ..... ....._..r o .

Tt
-
&

h.— -
a
1
-

- r
4w -
¥ oaor

L * F

Lo

-
+ k]

S s P
g bt J

oy
g

)

&
RN

5
&
g" .
£
%

b

&.:- -
£
s
?(:

y

rer ) - r 4 - r
B s oL " . - a - . _ R . -
R . - AN St ; ' ) . .
[3 r - - - - - - - L] L] a4 -
L r ro- ] r - 1 - -
P - - - b N r.- “a - o Lan ! . L
] - - - - - . = - a r
. - - - ] o e, L . L
. - Fl - a a - . -
.o . - ) - T . v N " N - - . . i " an 1.. H.“...._ ]
= = - . nqul i = 1.. -l ..- “n - u - " ..-.... ..J - L} r N ' . l'.lr..- n.-.ﬁ o 15;
B ) -y - .t - " - . - ...1 - ] 3 ... - h“.-l-.. .__._—-.n £
- r - - N - - o d = a
R N R R RO Ve Ve s e . —ar - : T RN L L Rt a LR P £
= a . Fy
H - L h
r - . - r T -
] L] ] F = 3 L L = L) 1
LI r X A - ) + b P . P
- - L - [ L - € -
e LY - .

A

4
£
3

i
i
¥

f f
X
%
R4
‘-?’ "a
J
&
ég
/
A
i
A
N
-’r‘lﬁﬂ:
""t Tyt

-y

o
Ty
N
s

3

3

oy,
xx
3

&
Y

{2 &
2
5%
$

%
ﬁ'

&
zé

s

P

¥
f

OBL 9591 | _ _ B o % A g

May 28, 2019

3001

U.S. Patent



US 10,304,807 B2

‘*!m
-?"-“-

Sheet 9 of 10

f,‘h“n‘h”h‘h“n‘h‘h‘h‘h“n‘h‘h‘h“n‘h‘h“ﬁ%“ﬁ‘h‘h'ﬁ hhh'ﬁ."‘."h“ﬁ'h“l."h"h"ﬁ"h'h“ﬁ%"ﬁ.%"'h."h."l."l."h.%"h“l.

May 28, 2019

U.S. Patent

L
WA

. _
i &
o
. : ey
Pl ol N R O ok o K N R N R R RN R F N F N N NN N N K N o N o o S N ....
- L] i N e B i A e e W S e ol o ..\m iiiiiiiiiiiiiiiiiiii X “ ﬁ
1

m«www_. mmw Wuw “..,WM,
j :
m

-
el h__‘_.‘h'.‘,r“' ?«‘H"
e e

1...-... Ly w__. -+

L
L]
h |
ﬂ,‘

-

4
A T
TCTRCT R

r____" .-.r_.1 ..:..._..n .1___.____..- ..: .

..,, m : & i Pt A e,
Rl el e e ™ u.___.-_.,._____“m._n 7 S . ....._..1..-_ : u._..‘.n,-u.‘ﬂi“u.:l u.:. ", ..._1_-.._....." .1.;...1.‘1\__

. ...... ity ...mﬂﬂ...yﬂl L.vm..,”._.....u P ....-.._l. ......._-1_ o l“ \\.)‘&2 .l___.___..__.u_li %ﬁfﬁ”ﬂ?ﬁ “ﬂ...u.“‘.ﬂw wniﬂm..“au.“m".“““:ﬂ.“- gﬁ\r E m“&wwﬂn

s ¥ Ty .- . P aTLFy L .

FOVAN A PR PEET, ’ tHE .u._‘u“. st gt o

i

; ....l._." t....-_l

"

A _H...-T...T. « F = u-.-_.. i..L‘-..'-_ ; .‘_Ju.i‘._. ..ﬁ.f Ju ..ﬂ. 4

..-... -
[, Y WL .i.-_.__- _..l-...‘
- o w N 3 .3 - - ¥ rr
. Eal" N RN i ol Nl " el e, | S ™ gl Sl A Y o R Pl T Bl Pl I PP S - B L A 3 = ! .
- ! Y TEN > - e . i .. - . . . = . . . o ' . P . - ".. AR T T T T .\..‘..‘. . ¥ H. 7 !
. ¢ . F o . o - :
. L. . et . . . . R \

. .
. L] B
- .- P BT
. . ‘ . . - o - . PR f
e . & T LT et T s R Tt .._.._..1 : . T - ..__u._. T, .._n-.uu . u%_‘ ' W ", : ' AT SR et o r, = - r ) .
4t Bty A L. T L LA i S . L oo . ST . . " PR L T Tt T } B AL L LENFE o *
- r . o S .- R . LR __..1.n . m.__.._ ........ - . I - o \-.:5 L . -.______._. ' . .--. |_. .. .’ . . a Lo o, . T .-..-.
B . - ! S et ey T Loyt hd . o -r.._n.. ol s N . . L. P i TR + . . L w'aon R . [ . T Ll Ly -
- B T ' ) e s s i ._.___.- L Rt 'L e ' . S, LT o Lo ) LS R ' a - ! -
. , R L - o s - S ] o A . . K o K ) ST Lo o . . . .1._... UMY R , ot 1 . [
. - .- - . e P . . - - L. . . - - . R - " . b - . .. 4 4
O LA s Y. . a'r . [ ] ¥ ' . 2 ' ' . ¢ .
. P L - T - .o - o . . .. " - - .,
. . r T A e . " . . T V! L s ) . T R A T -
. + . 4 . e P .. Pt P ko ro. . . f gt B '

by

\"?{l

o
N
‘-,,

i

1 . LT

L

i
by
h
N
TN

- =

o

.
o
==
- b

o oF
Ly
N

*
Ak -

A \w I T «m. G e Ut s R A e U Rt St
.1- ..” " . -......”".....1 ..-”._q.n . i T ) A . - - g L .... . r. ] . . " Y r L R
u.u._.. AL Lo ' . . N . - - - 1...__ - ' P L. . T " * - s ' .u .._.-. ] .
m e e o AR R AR St A AR S
iy Lr i ..ﬁ.@..itaimix oF kot o ik U Bemerstncmanerinrd s e s i AN A A A M A AU AN A
.‘. w3 I“.II...I_...”M...“...:.L...IH +a% LIR] .ll.q..q.q. r.or o . LI R e L] i s Rl TEREE R R

N

Ar s nTgeT wa o Tk RTE T rrE E L R EEaTw
4 - “ E T T T O ) -8 2 . L o I T e T T N I T I

™
L}
"‘-Hk
“*#‘
q'-"“:.
L
X - 1 ' -."' ! ) ' _I.‘ -
b e .5
aAnesnbaamaeansaimels

2z -r\.. F L
-‘;:"--.-:- [l [
S
"
&
i
;:.
i
. "]
1
53
.

a0
A

%
Prs
ﬁ.-

2001



A NRIIE

5,

N

A
3’

g
o
7
Ty
e g
L3
. 1
"E
¥
i-I.

N
ey
iy

US 10,304,807 B2

:\._.... L L pod
A bobalf LT L P
PRI R il
4 A ] o A A e T R N
iy i M N “alhr . A s -
a'.“___ M! ﬁ .\M ﬁ mv Hﬂ...ﬁﬂam&tﬂh“.w“.ﬂu.m" .H.w_..n ._u_...,“.kw..wu_ﬂ.._p“.&n..mﬁ_w,. ,.___.u...f_ﬁr
xﬁ m___ " o ...L..h_..n.“...._,““.."wﬂ,.u._ﬁ_...._"__.u “"“.m...h. ...._h..ﬁ.__ﬁ...?.m.._..“__",,. .u._u. ..MH...H?.. e £
1 1) Y eemaasaimsemeraesaan et eaiaesraaiaanransan y A i T AT e I LI, e
- | . - A i e e T e e e e T o o . L_....i-“.._."-_..”.“."‘ . ‘M.“..-.“._.ﬂ u_.“m “.__“___1..-... .._._"..rm.-___u.uu_...__ﬁ._»‘n“ | + np.._..gn_.".“....._. =HiUtrih;F .1._.._._,.._..____... o .

-
--
[T
o

g,
et
-
Tm =
\";.

LY

3

BAb}

,5
y

2
N
ey

S

WS

.

T

- -

-
L ]
-

e D
My
=%
L
L
1‘
b
'ﬂ
“'l-

-

‘v

:E::.k
T
7
'ﬂh"
2,
EENY
N
S
N
- F: -l
T
=

?h
=
P

-1
o 23
==,
3
g,

'i:r‘ﬁ'.'rh"‘_"-ﬂn - 'r'l:"i#
L |

e
o=
Ja
G
L
+
oy &
&
R
N7
n *-‘ ';."
"
iﬁix
=N

-
H
-
e
- -
[™
[

3
LT3

{.‘ gl Ty
h
+j

i

i?

+ -

- -
1*::}_'
Ay

1.‘;-.

-
. =iy I

ar

T
D
"!?."l."lﬁt
{¥3
Ot
T
g
*®x
—
mprnns
e — N
s
N
: {ra
- iy hﬁ.ﬂ
B
£xd
ﬁut?\ﬁ:éh
w
Yy
AN
'?éééié
-s-‘:::-:':_ i
L
&
b et
R
Ly
S
5$§3;
‘15’%
'y
&
.,

ij
e ol T N -:w'h'""-*
- E’}
i . #ﬂ*‘“'
7
d
'*._*‘-II""‘I'I
}
:
¥
e
L.
A
1-'*: -
LN
i
T
S
T
)
7
8,

-

P
a-"r* )
fr'
+\\
. =y
-
P

by e Tm my -

'i;

'l-'|-'\l-'1'

1

3

IETETTLAE I TR TR T .
.

L)

7, e eS8 T o
5 u“;vﬁt«a&mnmm&#&#aa&&;amajramﬂ a3mm““mmmmmmmmuumuuunnmum-m .

o, -
r“‘.. .h. r L
S ’ . 75
A P, .1-..-..._.” ] e " d %i ki (T ] Ly T -.I.u.-... E - .....f i R s ..!._.l.-.h--H-T
A T N O A L W N Ty I g T L LR L T T T O ' T 1 !
! -t n T iy . h.._... T ....h...-. 1! ’ .-..... T N ¥ Ta, .-..l g K 1u..... -
1 L - ’ _..“ .:.._.
. - b oam

T.rirrir e

O olaled

(331

Sheet 10 of 10

(P o oo 073 104

"

.
.
,-'_ -
T T T T T T T T
[ ] | ] [ ] [ ] [ ] ] ]
L e . T T T T
-

oy T P T e, T
1 1 [ ] [ ]
- r r -
" r

k
!
]

iiiiii

{7

&
o v &

[ ' . 3 - -
. ' N

e
e

May 28, 2019

o
W17/ M

WaLL
ZIAL

I Y G

A0

U.S. Patent

B i



US 10,304,307 B2

1
FAN-OUT SEMICONDUCTOR PACKAGE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s a Continuation of U.S. patent appli-

cation Ser. No. 15/437,766, filed on Feb. 21, 2017, which
claims the benefit of prionty to Korean Patent Application

No. 10-2016-0117476 filed on Sep. 12, 2016 1n the Korean
Intellectual Property Oflice, the entire disclosure of which
are 1ncorporated herein by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to a semiconductor pack-
age, and more particularly, to a fan-out semiconductor
package 1n which connection terminals may be extended
outwardly of a region in which a semiconductor chip 1is
disposed.

2. Description of Related Art

Recently, a significant recent trend in the development of
semiconductor chip-related technology has been reducing
the size of semiconductor chips. Therefore, 1n the area of
package technology, 1n accordance with a rapid increase in
demand for small-sized semiconductor chips, or the like,
there has been increased demand for the implementation of
a semiconductor package having a compact size while
including a plurality of pins.

One type of package technology suggested to satisty the
technical demand as described above 1s a fan-out package.
Such a fan-out package has a compact size and may allow
a plurality of pins to be implemented by redistributing
connection terminals outwardly of a region i which a
semiconductor chip 1s disposed.

SUMMARY

An aspect of the present disclosure may provide a fan-out
semiconductor package capable of simultaneously perform-
ing various functions, being thinned, and having low signal
loss.

One of several solutions suggested in the present disclo-
sure 1s to dispose a second semiconductor chip on a first
semiconductor chip package without using a separate inter-
poser and connect the second semiconductor chip to redis-
tribution layers of interconnection members of the first
semiconductor chip package using wires to redistribute
connection pads of the second semiconductor chip.

According to an aspect of the present disclosure, a fan-out
semiconductor package may include: a first interconnection
member having a through-hole; a first semiconductor chip
disposed in the through-hole of the first interconnection
member and having an active surface having connection
pads disposed thereon and an 1nactive surface opposing the
active surface; a first encapsulant encapsulating at least
portions of the first interconnection member and the mactive
surface of the first semiconductor chip; a second intercon-
nection member disposed on the first interconnection mem-
ber and the active surface of the first semiconductor chip; a
second semiconductor chip disposed on the first encapsulant
and having an active surface having connection pads dis-
posed thereon; and a second encapsulant encapsulating at
least portions of the second semiconductor chip, wherein the
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first interconnection member and the second 1interconnection
member include, respectively, redistribution layers electri-
cally connected to the connection pads of the first semicon-
ductor chip, and the connection pads of the second semi-
conductor chip are electrically connected to the

redistribution layer of the first imterconnection member by
WIres.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

The above and other aspects, features, and advantages of
the present disclosure will be more clearly understood from
the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a schematic block diagram illustrating an
example of an electronic device system:;

FIG. 2 1s a schematic perspective view illustrating an
example of an electronic device;

FIGS. 3A and 3B are schematic cross-sectional views
illustrating states of a fan-in semiconductor package before
and after being packaged;

FIG. 4 1s a schematic cross-sectional view illustrating a
packaging process of a fan-in semiconductor package;

FIG. 5 1s a schematic cross-sectional view illustrating a
case 1n which a fan-1n semiconductor package 1s mounted on
an 1nterposer substrate and 1s ultimately mounted on a main
board of an electronic device;

FIG. 6 1s a schematic cross-sectional view illustrating a
case 1n which a fan-1n semiconductor package 1s embedded
in an interposer substrate and 1s ultimately mounted on a
main board of an electronic device:

FIG. 7 1s a schematic cross-sectional view illustrating a
fan-out semiconductor package;

FIG. 8 1s a schematic cross-sectional view illustrating a
case 1 which a fan-out semiconductor package 1s mounted
on a main board of an electronic device;

FIG. 9 1s a schematic view 1llustrating an example of a
fan-out semiconductor package;

FIG. 10 1s a schematic view illustrating another example
of a fan-out semiconductor package;

FIG. 11 1s a schematic view 1llustrating another example
of a fan-out semiconductor package; and

FIG. 12 1s a schematic view illustrating another example
of a fan-out semiconductor package.

DETAILED DESCRIPTION

Heremaftter, exemplary embodiments 1n the present dis-
closure will be described with reference to the accompany-
ing drawings. In the accompanying drawings, shapes, sizes,
and the like, of components may be exaggerated or short-
ened for clarity.

Herein, a lower side, a lower portion, a lower surface, and
the like, are used to refer to a direction toward a mounted
surface of the fan-out semiconductor package 1n relation to
cross sections of the drawings, while an upper side, an upper
portion, an upper surface, and the like, are used to refer to
an opposite direction to the lower direction. However, these
directions are defined for convemence of explanation, and
the claims are not particularly limited by the directions
defined as described above.

The meaning of a “connection” of a component to another
component in the description includes an indirect connection
through an adhesive layer as well as a direct connection
between two components. In addition, “electrically con-
nected” means the concept including a physical connection
and a physical disconnection. It can be understood that when
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an element 1s referred to with “first” and ‘“‘second”, the
clement 1s not limited thereby. They may be used only for a
purpose of distinguishing the element from the other ele-
ments, and may not limit the sequence or importance of the
clements. In some cases, a first element may be referred to
as a second element without departing from the scope of the
claims set forth herein. Similarly, a second element may also
be referred to as a first element.

The term *“‘an exemplary embodiment” used herein does
not refer to the same exemplary embodiment, and 1s pro-
vided to emphasize a particular feature or characteristic
different from that of another exemplary embodiment. How-
ever, exemplary embodiments provided herein are consid-
ered to be able to be implemented by being combined 1n
whole or 1n part one with another. For example, one element
described 1n a particular exemplary embodiment, even 1if 1t
1s not described 1n another exemplary embodiment, may be
understood as a description related to another exemplary
embodiment, unless an opposite or contradictory description
1s provided therein.

Terms used herein are used only 1n order to describe an
exemplary embodiment rather than limiting the present
disclosure. In this case, singular forms include plural forms
unless interpreted otherwise 1n context.

Electronic Device

FIG. 1 1s a schematic block diagram illustrating an
example of an electronic device system.

Referring to FIG. 1, an electronic device 1000 may
accommodate a main board 1010. The main board 1010 may
include chip-related components 1020, network-related
components 1030, other components 1040, and the like,
physically or electrically connected thereto. These compo-
nents may be connected to other components to be described
below to form various signal lines 1090.

The chip-related components 1020 may include a memory
chip such as a volatile memory (for example, a dynamic
random access memory (DRAM)), a non-volatile memory
(for example, a read only memory (ROM)), a flash memory,
or the like; an application processor chip such as a central
processor (for example, a central processing unit (CPU)), a
graphics processor ({or example, a graphics processing unit
(GPU)), a digital signal processor, a cryptographic proces-
sOr, a microprocessor, a microcontroller, or the like; and a
logic chip such as an analog-to-digital converter, an appli-
cation-specific mtegrated circuit (ASIC), or the like, or the
like. However, the chip-related components 1020 are not
limited thereto, and may include other types of chip related
components. In addition, the chip-related components 1020
may be combined with each other.

The network-related components 1030 may include pro-
tocols such as wireless fidelity (Wi-F1) (Institute of Electri-
cal And Electronics Engineers (IEEE) 802.11 family, or the
like), worldwide interoperability for microwave access (Wi-
MAX) (IEEE 802.16 family, or the like), IEEE 802.20, long
term evolution (LTE), evolution data only (Ev-DO), high
speed packet access+ (HSPA+), high speed downlink packet
access+ (HSDPA+), high speed uplink packet access+
(HSUPA+), enhanced data GSM environment (EDGE),
global system for mobile communications (GSM), global
positioning system (GPS), general packet radio service
(GPRS), code division multiple access (CDMA), time divi-
sion multiple access (TDMA), digital enhanced cordless
telecommunications (DECT), Bluetooth, 3G, 4G, and 3G
protocols, and any other wireless and wired protocols des-
ignated after the abovementioned protocols. However, the
network-related components 1030 are not limited thereto,
and may include a variety of other wireless or wired stan-
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dards or protocols. In addition, the network-related compo-
nents 1030 may be combined with each other, together with
the chip-related components 1020 described above.

Other components 1040 may include a high frequency
inductor, a ferrite inductor, a power inductor, ferrite beads,
a low temperature co-fired ceramic (LTCC), an electromag-
netic mterterence (EMI) filter, a multilayer ceramic capaci-
tor (MLCC), or the like. However, other components 1040
are not limited thereto, and may include passive components
used for various other purposes, or the like. In addition,
other components 1040 may be combined with each other,
together with the chip-related components 1020 or the
network-related components 1030 described above.

Depending on type of the electronic device 1000, the
clectronic device 1000 may include other components that
may or may not be physically or electrically connected to the
main board 1010. These other components may include, for
example, a camera module 1050, an antenna 1060, a display
device 1070, a battery 1080, an audio codec (not illustrated),
a video codec (not 1illustrated), a power amplifier (not
illustrated), a compass (not illustrated), an accelerometer
(110‘[ illustrated), a gyroscope (not 1llustrated), a speaker (not
illustrated), a mass storage unit (for example, a hard disk
drive) (not illustrated), a compact disk (CD) drive (not
illustrated), a digital versatile disk (DVD) drive (not 1llus-
trated), or the like. However, these other components are not
limited thereto, and may include other components used for
various purposes depending on type of electronic device
1000, or the like.

The electronic device 1000 may be a smartphone, a
personal digital assistant (PDA), a digital video camera, a
digital still camera, a network system, a computer, a monaitor,
a tablet PC, a laptop PC, a netbook PC, a television, a video
game machine, a smartwatch, an automotive component or
the like. However, the electronic device 1000 1s not limited
thereto, and may be any other electronic device able to
process data.

FIG. 2 1s a schematic perspective view illustrating an
example of an electronic device.

Retferring to FIG. 2, a semiconductor package may be
used for various purposes in the various electronic devices
1000 as described above. For example, a main board 1110
may be accommodated in a body 1101 of a smartphone
1100, and various electronic components 1120 may be
physically or electrically connected to the main board 1110.
In addition, other components that may or may not be
physically or electrically connected to the main board 1110,
such as the camera module 1130, may be accommodated 1n
the body 1101. Some of the electronic components 1120 may
be the chip related components, and the semiconductor
package 100 may be, for example, an application processor
among the chip related components, but 1s not limited
thereto. The electronic device 1s not necessarily limited to
the smartphone 1100, and may be other electronic devices as
described above.

Semiconductor Package

Generally, numerous fine electrical circuits are itegrated
in a semiconductor chip. However, the semiconductor chip
may not serve as a finished semiconductor product itself, and
may be damaged due to external physical or chemical
impacts. Therefore, the semiconductor chip 1s not used 1tsell,
but 1s packaged and used 1n an electronic device, or the like,
in a package state.

Semiconductor packaging 1s required due to a difference
in a circuit width existing between the semiconductor chip
and a main board of the electronic device with regard to
clectrical connectivity. In detail, a size of connection pads of
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the semiconductor chip and an interval between the connec-
tion pads of the semiconductor chip are very fine, but a size
of component mounting pads of the main board used in the
clectronic device and an interval between the component
mounting pads of the main board are significantly larger than
those of the semiconductor chip. Therefore, 1t may be
dificult to directly mount the semiconductor chip on the
main board, and a packaging technology for buflering a
difference 1n a circuit width between the semiconductor chip
and the main board 1s required.

A semiconductor package manufactured using packaging
technology may be divided imto a fan-in semiconductor
package and a fan-out semiconductor package depending on
a structure and a purpose thereof.

The fan-1n semiconductor package and the fan-out semi-
conductor package will hereinafter be described in more
detail with reference to the drawings.

Fan-in Semiconductor Package

FIGS. 3A and 3B are schematic cross-sectional views
illustrating states of a fan-1n semiconductor package before
and after being packaged.

FIG. 4 1s a schematic cross-sectional view 1llustrating a
packaging process ol a fan-in semiconductor package.

Referring to the drawings, a semiconductor chip 2220
may be, for example, an integrated circuit (IC) 1n a bare
state, mncluding a body 2221 including silicon (S1), germa-
nium (Ge), gallium arsenide (GaAs), or the like, connection
pads 2222 formed on one surface of the body 2221 and
including a conductive material such as aluminum (Al), or
the like, and a passivation layer 2223 such as an oxide film,
a nitride film, or the like, formed on one surface of the body
2221 and covering at least portions of the connection pads
2222. Here, since the connection pads 2222 are very small,
it 1s diflicult to mount the integrated circuit (IC) on an
intermediate level printed circuit board (PCB) as well as on
the main board of the electronic device, or the like.

Therefore, depending on a size of the semiconductor chip
2220, a interconnection member 2240 may be formed on the
semiconductor chip 2220 in order to redistribute the con-
nection pads 2222. The interconnection member 2240 may
be formed by forming an insulating layer 2241 on the
semiconductor chip 2220 using an insulating material such
as a photoimagable dielectric (PID) resin, forming via holes
2243/ opening the connection pads 2222, and then forming
wiring patterns 2242 and vias 2243. Then, a passivation
layer 2250 protecting the interconnection member 2240 may
be formed, an opening 2251 may be formed, and an under-
bump metal layer 2260, or the like, may be formed. That 1s,
a Tlan-in semiconductor package 2200 including, {for
example, the semiconductor chip 2220, the interconnection
member 2240, the passivation layer 2250, and the under-
bump metal layer 2260 may be manufactured through a
series ol processes.

As described above, the fan-in semiconductor package
may have a package form 1n which all of the connection pads
of the semiconductor chip, mput/output (I/O) terminals for
example, are disposed inside the semiconductor chip, may
have excellent electrical characteristics and may be pro-
duced at low cost. Therefore, many elements mounted 1n a
smartphone have been manufactured 1n fan-in semiconduc-
tor package form. In detail, many elements mounted in the
smartphone have been developed to allow for rapid signal
transier while having a compact size.

However, since all of the I/O terminals need to be
disposed inside the semiconductor chip in the fan-in semi-
conductor package, the fan-1n semiconductor package has a
significant spatial limitation. Therefore, it 1s diflicult to apply
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this structure to a semiconductor chip having a large number
of I/O terminals or a semiconductor chip having a compact
size. In addition, due to the disadvantage described above,
the fan-in semiconductor package may not be directly
mounted and used on the main board of the electronic
device. The reason 1s that even though a size of the I/O
terminals of the semiconductor chip and an interval between
the I/0 terminals of the semiconductor chip are increased by
a redistribution process, the size of the I/O terminals of the
semiconductor chip and the interval between the 1/0 termi-
nals of the semiconductor chip are not enough to directly
mount the fan-in semiconductor package on the main board
of the electronic device.

FIG. 5 1s a schematic cross-sectional view illustrating a
case 1n which a fan-1n semiconductor package 1s mounted on
an interposer substrate and 1s ultimately mounted on a main
board of an electronic device.

FIG. 6 1s a schematic cross-sectional view illustrating a
case 1n which a fan-1n semiconductor package 1s embedded
in an interposer substrate and 1s ultimately mounted on a
main board of an electronic device.

Referring to the drawings, in a fan-in semiconductor
package 2200, connection pads 2222, that 1s, IO terminals,
of a semiconductor chip 2220 may be redistributed once
more through an interposer substrate 2301, and the fan-in
semiconductor package 2200 may be ultimately mounted on
a main board 2500 of an electronic device 1n a state 1n which
it 1s mounted on the interposer substrate 2301. Here, solder
balls 2270, and the like, may be fixed by an underfill resin
2280, or the like, and an external surface of the semicon-
ductor chip 2220 may be covered with a molding material
2290, or the like. Alternatively, a fan-in semiconductor
package 2200 may be embedded 1n a separate interposer
substrate 2302, connection pads 2222, that 1s, I/O terminals,
of the semiconductor chip 2220 may be redistributed once
more by the interposer substrate 2302 1n a state 1n which the
fan-in semiconductor package 2200 1s embedded in the
interposer substrate 2302, and the fan-in semiconductor
package 2200 may be ultimately mounted on a main board
2500 of an electronic device.

As described above, it may be diflicult to directly mount
and use the fan-1n semiconductor package on the main board
of the electronic device. Therefore, the fan-1n semiconductor
package may be mounted on the separate interposer sub-
strate and may then be mounted on the main board of the
clectronic device through a packaging process or may be
mounted and used on the main board of the electronic device
in a state in whach it 1s embedded 1n the interposer substrate.

Fan-Out Semiconductor Package

FIG. 7 1s a schematic cross-sectional view illustrating a
fan-out semiconductor package.

Referring to the drawing, in a fan-out semiconductor
package 2100, for example, an external surface of a semi-
conductor chip 2120 may be protected by an encapsulant
2130, and connection pads 2122 of the semiconductor chip
2120 may be redistributed outwardly of the semiconductor
chip 2120 by a interconnection member 2140. In this case,
a passivation layer 2150 may further be formed on the
interconnection member 2140, and an underbump metal
layer 2160 may further be formed in openings of the
passivation layer 2150. Solder balls 2170 may further be
formed on the underbump metal layer 2160. The semicon-
ductor chip 2120 may be an integrated circuit (IC) including
a body 2121, the connection pads 2122, a passivation layer
(not illustrated), and the like. The interconnection member
2140 may include an insulating layer 2141, redistribution
layers 2142 formed on the insulating layer 2141, and vias
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2143 clectrically connecting the connection pads 2122 and
the redistribution layers 2142 to each other.

As described above, the fan-out semiconductor package
may have a form in which I/O terminals of the semicon-
ductor chip are redistributed and disposed outwardly of the
semiconductor chip through the interconnection member
tformed on the semiconductor chip. As described above, 1n
the fan-1n semiconductor package, all of the I/O terminals of
the semiconductor chip need to be disposed inside the
semiconductor chip. Therefore, when a size of the semicon-
ductor chip 1s decreased, a size and a pitch of balls need to
be decreased, such that a standardized ball layout may not be
used in the fan-in semiconductor package. On the other
hand, the fan-out semiconductor package has the form in
which the I/O terminals of the semiconductor chip are
redistributed and disposed outwardly of the semiconductor
chip through the interconnection member formed on the
semiconductor chip as described above. Therelore, even 1n
the case that a size of the semiconductor chip 1s decreased,
a standardized ball layout may be used in the fan-out
semiconductor package as 1t 1s, such that the fan-out semi-
conductor package may be mounted on the main board of the
clectronic device without using a separate interposer sub-
strate, as described below.

FIG. 8 1s a schematic cross-sectional view illustrating a
case 1n which a fan-out semiconductor package 1s mounted
on a main board of an electronic device.

Referring to the drawing, a fan-out semiconductor pack-
age 2100 may be mounted on a main board 2500 of an
clectronic device through solder balls 2170, or the like. That
1s, as described above, the fan-out semiconductor package
2100 1ncludes the interconnection member 2140 formed on
the semiconductor chip 2120 and capable of redistributing
the connection pads 2122 up to a fan-out region that 1s out
of a size of the semiconductor chip 2120, such that the
standardized ball layout may be used 1n the fan-out semi-
conductor package 2100 as 1t 1s. As a result, the fan-out
semiconductor package 2100 may be mounted on the main
board 2500 of the electronic device without using a separate
interposer substrate, or the like.

As described above, since the fan-out semiconductor
package may be mounted on the main board of the electronic
device without using the separate interposer substrate, the
fan-out semiconductor package may be implemented at a
thickness less than that of the fan-1n semiconductor package
using the interposer substrate. Therefore, the fan-out semi-
conductor package may be mimiaturized and thinned. In
addition, the fan-out semiconductor package has excellent
thermal characteristics and electrical characteristics, such
that 1t 1s particularly appropriate for a mobile product.
Therefore, the fan-out semiconductor package may be
implemented in a form more compact than that of a general
package-on-package (POP) type using aprinted circuit board
(PCB), and may solve a problem due to the occurrence of a
warpage phenomenon.

Meanwhile, the fan-out semiconductor package refers to
package technology for mounting the semiconductor chip on
the main board of the electronic device, or the like, as
described above, and protecting the semiconductor chip
from external impacts, and which 1s conceptually different
from that of a printed circuit board (PCB) such as an
interposer substrate, or the like, having a scale, a purpose,
and the like, different from those of the fan-out semicon-
ductor package, and having the fan-in semiconductor pack-
age embedded therein.
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A Tan-out semiconductor package capable of simultane-
ously performing various functions, being thinned, and
having low signal loss will heremnaiter be described with
reference to the drawings.

FIG. 9 1s a schematic view 1llustrating an example of a
fan-out semiconductor package.

Referring to the drawings, a fan-out semiconductor pack-
age 100A according to an exemplary embodiment in the
present disclosure may include a first interconnection mem-
ber 110 having a through-hole 110H, a first semiconductor
chip 120 disposed in the through-hole 110H of the first
interconnection member 110 and having an active surface
having connection pads 122 disposed thereon and an 1nac-
tive surface opposing the active surface, a first encapsulant
130 encapsulating at least portions of the first interconnec-
tion member 110 and the 1nactive surface of the first semi-
conductor chup 120, a second interconnection member 140
disposed on the first mterconnection member 110 and the
active surface of the first semiconductor chip 120, a second
semiconductor chip 180 disposed on the first encapsulant
130 and having an active surface having connection pads
(not illustrated) disposed thereon, and a second encapsulant
190 encapsulating at least portions of the second semicon-
ductor chip 180. The first interconnection member 110 and
the second interconnection member 140 may include,
respectively, redistribution layers 112a and 1126 and 142
clectrically connected to the connection pads 122 of the first
semiconductor chip 120, and the connection pads (not
illustrated) of the second semiconductor chip 180 may be
clectrically connected to the redistribution layers 112a and
1125 of the first interconnection member 110 by wires 182.
The fan-out semiconductor package 100A according to the
exemplary embodiment may further include a passivation
layer 150 disposed on the second interconnection member
140, an underbump metal layer 160 disposed on openings
151 of the passivation layer 150, and connection terminals
170 disposed on the underbump metal layer 160.

In general, a package-on-package (POP) type package
may be used as a method of implementing multiple func-
tions, such as those of a processor and a memory. The POP
type package may be manufactured by, for example, a
method of packaging a processor chip as a lower package in
a waler level package form, mounting and packaging a
memory chip as an upper package on an interposer, and
stacking the upper package on the lower package using a
solder ball. However, 1n this case, the entire package 1s
configured by separately manufacturing the lower package
and the upper package and then stacking the upper package
on the lower package. Therefore, there 1s a limitation 1n
reducing a thickness of the entire package and loss may be
generated 1n signal characteristics between the lower pack-
age and the upper package.

On the other hand, 1n the fan-out semiconductor package
100A according to the exemplary embodiment, the first
interconnection member 110 having the redistribution layers
112a and 1125 may be disposed 1n an encapsulation region
of the first semiconductor chip 120, and the second semi-
conductor chip 180 may be electrically connected to the
redistribution layers 112a and 1125 of the first interconnec-
tion member 110 using the wires 182, such that the connec-
tion pads (not illustrated) of the second semiconductor chip
180 may be sufliciently redistributed without using a sepa-
rate interposer. Therefore, a thickness of the entire fan-out
semiconductor package 100A may be significantly reduced.
In addition, a signal transfer path between the first semi-
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conductor chip 120 and the second semiconductor chip 180
may be significantly reduced, such that signal loss may be
significantly reduced.

Meanwhile, the first semiconductor chip 120 may include
a processor chip, and the second semiconductor chip 180
may include a memory chip. As described above, the pro-
cessor chip and the memory chip that need to communicate
with each other may be disposed 1n one fan-out semicon-
ductor package 100A and may be electrically connected to
cach other, such that the fan-out semiconductor package
100A having various functions may be implemented.

The respective components included 1n the fan-out semi-
conductor package 100A according to the exemplary
embodiment will hereinafter be described in more detail.

The first interconnection member 110 may include the
redistribution layers 112a and 1125 redistributing the con-
nection pads 122 of the first semiconductor chip 120 and the
connection pads (not illustrated) of the second semiconduc-
tor chip 180 to thus reduce the number of layers of the
second interconnection member 140. The first interconnec-
tion member 110 may maintain rigidity of the fan-out
semiconductor package 100A depending on certain materi-
als, and serve to secure uniformity of a thickness of the first
encapsulant 130. The fan-out semiconductor package 100A
according to the exemplary embodiment may be utilized as
a POP type package by the first interconnection member 110.
The first interconnection member 110 may have the through-
hole 110H. The through-hole 110H may have the first
semiconductor chip 120 disposed therein to be spaced apart
from the first interconnection member 110 by a predeter-
mined distance. Side surfaces of the first semiconductor chip
120 may be surrounded by the first interconnection member
110. However, such a form 1s only an example and may be
variously modified into other forms, and the fan-out semi-
conductor package 100A may perform another function
depending on such a form.

The first interconnection member 110 may include an
insulating layer 111 contacting the second interconnection
member 140, a first redistribution layer 112a contacting the
second mterconnection member 140 and embedded 1n a first
surface of the insulating layer 111, and a second redistribu-
tion layer 1125 disposed on a second surface of the msulat-
ing layer 111 opposing the first surface of the insulating layer
111 1n which the first redistribution layer 112a 1s embedded.
The first interconnection member 110 may include vias 113
penetrating through the msulating layer 111 and electrically
connecting the first and second redistribution layers 112a
and 1125 to each other. The first and second redistribution
layers 112a and 1126 may be electrically connected to the
connection pads 122 of the first semiconductor chip 120 and
the connection pads (not 1llustrated) of the second semicon-
ductor chip 180. When the first redistribution layer 112a 1s
embedded 1n the insulating layer 111, a step generated due
to a thickness of the first redistribution layer 112a may be
significantly reduced, and an insulating distance of the
second 1nterconnection member 140 may thus become con-
stant. That 1s, a diil

crence between a distance from the
redistribution layer 142 of the second interconnection mem-
ber 140 to a lower surface of the msulating layer 111 and a
distance from the redistribution layer 142 of the second
interconnection member 140 to the connection pad 122 of
the first semiconductor chip 120 may be smaller than a
thickness of the first redistribution layer 112a. Therelore, a
high density wiring design of the second interconnection
member 140 may be facilitated.

A material of the msulating layer 111 1s not particularly
limited. For example, an msulating material may be used as
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the material of the insulating layer 111. In this case, a
thermosetting resin such as an epoxy resin, a thermoplastic
resin such as a polyimide resin, a resin i which the
thermosetting resin or the thermoplastic resin 1s impregnated
together with an 1norganic filler 1n a core material such as a
glass cloth (or a glass fabric), for example, prepreg, Ajino-
moto Build up Film (ABF), FR-4, Bismaleimide Triazine
(BT), or the like, may be used as the insulating material.
Alternatively, a photoimagable dielectric (PID) resin may
also be used as the insulating material.

The redistribution layers 112a¢ and 1126 may serve to
redistribute the connection pads 122 of the first semicon-
ductor chip 120 and the connection pads (not illustrated) of
the second semiconductor chip 180, and a conductive mate-
rial such as copper (Cu), aluminum (Al), silver (Ag), tin
(Sn), gold (Au), nickel (Ni1), lead (Pb), titantum (T1), or
alloys thereof, may be used as a material of each of the
redistribution layers 112aq and 1125. The redistribution lay-
ers 112a and 1125 may perform various functions depending
on designs of their corresponding layers. For example, the
redistribution layers 112a and 1126 may include ground
(GND) patterns, power (PWR) patterns, signal (S) patterns,
and the like. Here, the signal (S) patterns may include
various signals except for the ground (GND) patterns, the
power (PWR) patterns, and the like, such as data signals, and
the like. In addition, the redistribution layers 112a and 1125
may include via pads, wire pads, connection terminal pads,
and the like.

As a non-restrictive example, the second redistribution
layer 1126 may include wire pads 11256P1 connected to the
wires, and wiring patterns 11251 and 11256P2 such as signal,
power, ground lines 11251 or pads 1126P2, or the like,
connected to the wire pads 11256P1 and at least redistributing
the connection pads (not 1llustrated) of the second semicon-
ductor chip 180. In addition, the first redistribution layer
1124 may include wiring patterns 112aP and 112aG such as
signal, power, ground pads 112aP or plane 112aG, or the
like, electrically connected to the second redistribution layer
1125 through the vias 113 and at least redistributing the
connection pads (not 1llustrated) of the second semiconduc-
tor chip 180. Meanwhile, the connection pads 122 of the first
semiconductor chip 120 may also be redistributed through
these wiring patterns.

Portions of the second redistribution layer 1126 may be
exposed through openings 131 formed in the first encapsu-
lant 130, and the exposed second redistribution layer 1125
may be connected to the wires 182. That 1s, the exposed
second redistribution layer 1126 may include the wire pads
1125P1 connected to the wires. Meanwhile, a surface treat-
ment layer (not illustrated) may be formed on a surface of
the exposed second redistribution layer 1125, if necessary.
The surface treatment layer (not illustrated) 1s not particu-
larly limited as long as 1t 1s known 1n the related art, and may
be formed by using, for example, electrolytic gold plating,
clectroless gold plating, organic solderability preservative
(OSP) or electroless tinplating, electroless silver plating,
clectroless nickel plating/substituted gold plating, direct
immersion gold (DIG) plating, hot air solder leveling
(HASL), or the like.

The vias 113 may electrically connect the redistribution
layers 112a and 1125 formed on different layers, resulting 1n
an electrical path 1n the first interconnection member 110. A
conductive material may also be used as a material of each
of the vias 113. The via 113 may be entirely filled with the
conductive maternial, or the conductive material may be
formed along a wall of a via hole. In addition, each of the
vias 113 may have all of the shapes known 1n the related art,
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such as a tapered shape, a cylindrical shape, and the like.
Meanwhile, when holes for the vias 113 are formed, some of
the pads of the first redistribution layer 1124 may serve as a

stopper, and 1t may be thus advantageous 1n a process that
cach of the vias 113 has the tapered shape of which a width
of an upper surface 1s greater than that of a lower surface. In
this case, the vias 113 may be integrated with the pad
patterns of the second redistribution layer 1125.

The first semiconductor chip 120 may be an application
specific integrated circuit (ASIC) provided 1n an amount of
several hundreds to several millions of elements or more
integrated in a single chip. In this case, the ASIC may be, for
example, a processor chip (more specifically, an application
processor (AP)) such as a central processor ({or example, a
CPU), a graphics processor (for example, a GPU), a field
programmable gate array (FPGA), a digital signal processor,
a cryptographic processor, a miCroprocessor, a microcon-
troller, or the like, but 1s not limited thereto. The first
semiconductor chip 120 may be formed on the basis of an
active wafer. In this case, a base material of a body 121 may
be silicon (S1), germanium (Ge), gallium arsenide (GaAs), or
the like. Various circuits may be formed on the body 121.
The connection pads 122 may electrically connect the first
semiconductor chip 120 to other components, and a con-
ductive matenial such as aluminum (Al), or the like, may be
used as a material of each of the connection pads 122. A
passivation layer 123 exposing the connection pads 122 may
be formed on the body 121, and may be an oxide film, a
nitride {ilm, or the like, or a double layer including an oxide
f1lm and a nitride film. A lower surface of the connection pad
122 may have a step with respect to a lower surface of the
first encapsulant 130 through the passivation layer 123.
Resultantly, a phenomenon 1n which the first encapsulant
130 1s bled to the lower surface of the connection pad 122
may be prevented to some degree. An mnsulating layer (not
illustrated), and the like, may also be further disposed at
other required positions.

The first encapsulant 130 may protect the first intercon-
nection member 110, the first semiconductor chip 120, and
the like. An encapsulation form of the first encapsulant 130
1s not particularly limited, but may be a form 1n which the
first encapsulant 130 surrounds at least portions of the first
interconnection member 110, the first semiconductor chip
120, and the like. For example, the first encapsulant 130 may
cover the first interconnection member 110 and the mactive
surface of the first semiconductor chip 120, and fill spaces
between walls of the through-hole 110H and the side sur-
faces of the first semiconductor chip 120. In addition, the
first encapsulant 130 may also {ill at least a portion of a space
between the passivation layer 123 of the first semiconductor
chip 120 and the second interconnection member 140. The
first encapsulant 130 may fill the through-hole 110H to thus
serve as an adhesive and reduce buckling of the first semi-
conductor chip 120 depending on certain materials.

The certain materials of the first encapsulant 130 are not
particularly limited. For example, an insulating material may
be used as the matenal of the first encapsulant 130. In this
case, a material including an mnorganic filler and an insulat-
ing resin, for example, a thermosetting resin such as an
epoxy resin, a thermoplastic resin such as a polyimide resin,
a resin having a reinforcing material such as an norganic
filler impregnated 1n the thermosetting resin and the ther-
moplastic resin, such as ABF, FR-4, BT, or the like, may be
used as the msulating matenial. Alternatively, EMC, PID, or
the like, may be used. Alternatively, a material 1n which a
thermosetting resin or a thermoplastic resin 1s impregnated
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together with an 1norganic filler 1n a core material such as a
glass cloth (or a glass fabric) may also be used as the
insulating materal.

The second interconnection member 140 may redistribute
the connection pads 122 of the first semiconductor chip 120
and the connection pads (not illustrated) of the second
semiconductor chip 180, and electrically connect the con-
nection pads 122 of the first semiconductor chip 120 and the
connection pads (not 1llustrated) of the second semiconduc-
tor chip 180 to each other. Several tens to several hundreds
of connection pads 122 having various functions may be
redistributed by the second interconnection member 140,
and may be physically or electrically connected to an
external source through the connection terminals 170
depending on the functions. The second interconnection
member 140 may include 1nsulating layers 141, redistribu-
tion layers 142 disposed on the insulating layers 141, and
vias 143 penetrating through the insulating layers 141 and
connecting the redistribution layers 142 to each other. In the
fan-out semiconductor package 100A according to the
exemplary embodiment, the second interconnection member
140 may include a single layer, but may also include a
plurality of layers.

An msulating material may be used as a maternial of the
insulating layers 141. In this case, in addition to the 1nsu-
lating material as described above, a photosensitive insulat-
ing material such as a PID resin may also be used as the
insulating material. That 1s, the insulating layer 141 may be
a photosensitive insulating layer. In a case in which the
insulating layer 141 has a photosensitive property, the 1nsu-
lating layer 141 may be formed to have a smaller thickness,
and a fine pitch of the vias 143 may be achieved more easily.
The msulating layer 141 may be a photosensitive insulating
layer including an insulating resin and an inorganic filler.
When the msulating layers 141 are multiple layers, materials
of the msulating layers 141 may be the same as each other,
and may also be diflerent from each other. When the
insulating layers 141 are multiple layers, the insulating
layers 141 may be integrated with each other depending on
a process, such that boundaries therebetween may not be
readily apparent.

The redistribution layers 142 may substantially serve to
redistribute the connection pads 122, and a conductive
material such as copper (Cu), aluminum (Al), silver (Ag), tin
(Sn), gold (Au), nickel (Ni1), lead (Pb), titanium (Ti1), or
alloys thereof, may be used as a material of each of the
redistribution layers 142. The redistribution layers 142 may
perform various functions depending on designs of their
corresponding layers. For example, the redistribution layers
1426 may include ground (GND) patterns, power (PWR)
patterns, signal (S) patterns, and the like. Here, the signal (S)
patterns may include various signals except for the ground
(GND) patterns, the power (PWR) patterns, and the like,
such as data signals, and the like. In addition, the redistri-
bution layers 142 may include via pads, connection terminal
pads, and the like.

A surface treatment layer (not illustrated) may be formed
on a surface of the exposed redistribution layer 142, if
necessary.

The surface treatment layer may be formed by, for
example, electrolytic gold plating, electroless gold plating,
OSP or electroless tin plating, electroless silver plating,
clectroless nickel plating/substituted gold plating, DIG plat-
ing, HASL, or the like, but 1s not limited thereto.

The vias 143 may electrically connect the redistribution
layers 142, the connection pads 122, or the like, formed on
different layers, resulting in an electrical path 1n the fan-out
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semiconductor package 100A. A conductive material such as
copper (Cu), aluminum (Al), silver (Ag), tin (Sn), gold (Au),
nickel (N1), lead (Pb), titantum (T1), or alloys thereof, may
be used as a material of each of the vias 143. The vias 143
may be entirely filled with the conductive material, or the
conductive material may also be formed along a wall of the
via. In addition, the vias 143 may have all of the shapes
known 1n the related art, such as a tapered shape, a cylin-
drical shape, and the like.

Thicknesses of the redistribution layers 112q and 1125 of
the first interconnection member 110 may be greater than
those of the redistribution layers 142 of the second inter-
connection member 140. Since the first interconnection
member 110 may have a thickness equal to or greater than
that of the first semiconductor chip 120, the redistribution
layers 112a and 11256 formed 1n the first interconnection
member 110 may be formed to be relatively large, depending
on a scale of the first interconnection member 110. On the
other hand, the redistribution layers 142 of the second
interconnection member 140 may be formed at sizes rela-
tively smaller than those of the redistribution layers 1124
and 1125 of the first interconnection member 110 for thin-
ness of the second interconnection member 140.

The passivation layer 150 may additionally be configured
to protect the second interconnection member 140 from
external physical or chemical damage. The passivation layer
150 may have the openings 151 exposing at least portions of
the redistribution layer 142 of the second interconnection
member 140. The number of openings 151 formed 1n the
passivation layer 150 may be several tens to several thou-
sands.

A material having an elastic modulus greater than that of
the mnsulating layer 141 of the second interconnection mem-
ber 140 may be used as a material of the passivation layer
150. For example, ABF that does not include a glass cloth
(or a glass fabric), but includes an morganic filler and an
insulating resin, or the like, may be used as the matenal of
the passivation layer 150. When the ABFE, or the like, 1s used
as the material of the passivation layer 150, a weight percent
of the morganic filler included in the passivation layer 150
may be greater than that of the 1norganic filler included in the
insulating layer 141 of the second interconnection member
140. In this condition, reliability may be improved. When
the ABE, or the like, 1s used as the material of the passivation
layer 150, the passivation layer 150 may be a non-photo-
sensitive 1nsulating layer including the morganic filler, and
may be eflective 1 improving reliability, but 1s not limited
thereto.

An underbump metal layer 160 may additionally be
configured to improve connection reliability of the connec-
tion terminals 170 and improve board level reliability of the
fan-out semiconductor package 100A. The underbump
metal layer 160 may be connected to the redistribution layer
142 of the second interconnection member 140 exposed
through the openings 151 of the passivation layer 150. The
underbump metal layer 160 may be formed in the openings
151 of the passivation layer 150 by the known metallization
method using the known conductive metal such as a metal,
but 1s not limited thereto.

The connection terminals 170 may additionally be con-
figured to physically or electrically externally connect the
fan-out semiconductor package 100A. For example, the
tan-out semiconductor package 100A may be mounted on
the main board of the electronic device through the connec-
tion terminals 170. Fach of the connection terminals 170
may be formed of a conductive material such as a solder, or
the like. However, this 1s only an example, and a material of
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cach of the connection terminals 170 1s not limited thereto.
Each of the connection terminals 170 may be a land, a ball,
a pin, or the like. The connection terminal 170 may be
formed of multiple layers or a single layer. When the
connection terminals 170 are formed of multiple layers, the
connection terminals 170 may include a copper pillar and a
solder. When the connection terminals 170 are formed of the
single layer, the connection terminals 170 may include a
tin-silver solder or copper. However, this 1s only an example,
and the connection terminals 170 are not limited thereto.

The number, an 1nterval, a disposition form, or the like, of
the connection terminals 170 1s not particularly limited, and
may be sufliciently modified by a person skilled 1n the art
depending on design particulars. For example, the connec-
tion terminals 170 may be provided in an amount of several
tens to several thousands according to the number of con-
nection pads 122, but are not limited thereto, and may also
be provided 1in an amount of several tens to several thou-
sands or more or several tens to several thousands or less.
When the connection terminals 170 are solder balls, the
connection terminals 170 may cover side surfaces of the
underbump metal layer 160 extended onto one surface of the
passivation layer 150, and connection reliability may be
more excellent.

At least one of the connection terminals 170 may be
disposed 1n a fan-out region. The fan-out region 1s a region
except for the region 1n which the first semiconductor chip
120 1s disposed. The fan-out package may have excellent
reliability as compared to a fan-in package, may implement
a plurality of input/output (I/0) terminals, and may facilitate
a 3D interconnection. In addition, as compared to a ball grnid
array (BGA) package, a land grid array (LGA) package, or
the like, the fan-out package may be manufactured to have
a small thickness, and may have price competitiveness.

The second semiconductor chip 180 may also be an
integrated circuit (IC) provided i an amount of several
hundreds to several millions of elements or more integrated
in a single chip. In this case, the IC may be a memory chip
such as a volatile memory (for example, a dynamic random
access memory (DRAM)), a non-volatile memory (for
example, a read only memory (ROM)), a flash memory, or
the like. The second semiconductor chip 180 may have an
active surface having the connection pads (not illustrated)
thereon and an 1nactive surface disposed to oppose the active
surface. The second semiconductor chip 180 may be dis-
posed so that the inactive surface thereof faces the first
encapsulant 130. The connection pads (not illustrated) may
be electrically connected to the redistribution layers 1124
and 1125 of the first mnterconnection member 110 through
the wires 182. The wires 182 may be a known metal wire
such as a gold wire, but 1s not limited thereto. The second
semiconductor chip 180 may also be formed by stacking a
plurality of memory chips.

The second encapsulant 190 may protect the second
semiconductor chip 180. An encapsulation form of the
second encapsulant 190 1s not particularly limited, but may
be a form 1n which the second encapsulant 190 surrounds at
least portions of the second semiconductor chip 180, and the
like. For example, the second encapsulant 190 may cover the
iactive surface of the second semiconductor chip 180, and
may cover side surfaces of the second semiconductor chip
180. Certain materials of the second encapsulant 190 are not
particularly limited. For example, an insulating material may
be used as the material of the second encapsulant 190. In this
case, a material including an norganic filler and an insulat-
ing resin, for example, a thermosetting resin such as an
epoxy resin, a thermoplastic resin such as a polyimide resin,
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a resin having a remnforcing material such as an inorganic
filler impregnated in the thermosetting resin and the ther-
moplastic resin, such as ABF, FR-4, BT, or the like, may be
used as the insulating material. Alternatively, EMC, PID, or
the like, may be used. Alternatively, a material 1n which a
thermosetting resin or a thermoplastic resin 1s impregnated
together with an 1norganic filler 1n a core material such as a
glass cloth (or a glass fabric) may also be used as the
insulating material.

FIG. 10 1s a schematic view 1illustrating another example
of a fan-out semiconductor package.

Referring to the drawing, a fan-out semiconductor pack-
age 100B according to another exemplary embodiment 1n
the present disclosure may further include a backside redis-
tribution layer 132 disposed on the first encapsulant 130,
backside vias 133 penetrating through the first encapsulant
130 and electrically connecting the backside redistribution
layer 132 and the redistribution layers 112q and 1125 of the
first interconnection member 110 to each other, and a
passivation layer 155 disposed on the first encapsulant 130
and having openings 156 exposing at least portions of the
backside redistribution layer 132. The second semiconduc-
tor chup 180 may be disposed on the passivation layer 155,
and the wires 182 may be connected to the backside redis-
tribution layer 132 exposed through the openings 1356.

The backside redistribution layer 132 may serve to redis-
tribute the connection pads 122 of the first semiconductor
chip 120 and the connection pads (not illustrated) of the
second semiconductor chip 180, and a conductive material
such as copper (Cu), aluminum (Al), silver (Ag), tin (Sn),
gold (Au), nickel (N1), lead (Pb), titanmium (T1), or alloys
thereol, may be used as a maternial of the backside redistri-
bution layer 132. The backside redistribution layer 132 may
perform various functions depending on a design thereof.
For example, the backside redistribution layer 132 may
include ground (GND) patterns, power (PWR) patterns,
signal (S) patterns, and the like. Here, the signal (S) patterns
may include various signals except for the ground (GND)
patterns, the power (PWR) patterns, and the like, such as
data signals, and the like. In addition, the backside redistri-
bution layer 132 may include via pads, wire pads, connec-
tion terminal pads, and the like.

As a non-restrictive example, the backside redistribution
layer 132 may include wire pads 132P1 connected to the
wires, and wiring patterns 1321 and 132P2 such as signal,
power, ground lines 132L or pads 132P2, or the like,
connected to the wire pads 132P1 and at least redistributing
the connection pads (not 1llustrated) of the second semicon-
ductor chip 180. Meanwhile, the second redistribution layer
1125 may include wiring patterns 1126P and 1125G such as
signal, power, ground pads 1126P or plane 1126G, or the
like, electrically connected to the backside redistribution
layer 132 through the backside vias 133 and at least redis-
tributing the connection pads (not illustrated) of the second
semiconductor chip 180. In addition, the first redistribution
layer 112a may include wiring patterns 112al. and 112aP
such as signal, power, ground lines 112aL. or pad 1124P, or
the like, electrically connected to the second redistribution
layer 11256 through the vias 113 and at least redistributing the
connection pads (not illustrated) of the second semiconduc-
tor chip 180. The connection pads 122 of the first semicon-
ductor chup 120 may also be redistributed.

Portions of the backside redistribution layer 132 may be
exposed through the openings 156 formed 1n the passivation
layer 155, and the exposed backside redistribution layer 132
may be connected to the wires 182. That i1s, the exposed
backside redistribution layer 132 may include the wire pads
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132P1 connected to the wires. Meanwhile, a surface treat-
ment layer (not illustrated) may be formed on a surface of
the exposed backside redistribution layer 132, 1f necessary.
The surface treatment layer (not 1llustrated) may be formed
by, for example, electrolytic gold plating, electroless gold
plating, OSP or clectroless tin plating, electroless silver
plating, electroless nickel plating/substituted gold plating,
DIG plating, HASL, or the like.

Descriptions of configurations overlapping the previously
described configuration will be omatted.

FIG. 11 1s a schematic view 1llustrating another example
ol a fan-out semiconductor package.

Referring to the drawing, in a fan-out semiconductor
package 100C according to another exemplary embodiment
in the present disclosure, a first interconnection member 110
may 1nclude a first insulating layer 111a contacting a second
interconnection member 140, a first redistribution layer 112a
contacting the second interconnection member 140 and
embedded in the first insulating layer 111a, a second redis-
tribution layer 1125 disposed on the other surface of the first
insulating layer 111a opposing one surface of the first
insulating layer 111aq 1n which the first redistribution layer
1124 1s embedded, a second insulating layer 1115 disposed
on the first insulating layer 111a and covering the second
redistribution layer 11256, and a third redistribution layer
112¢ disposed on the second insulating layer 1115. The first
to third redistribution layers 112a, 1125, and 112¢ may be
clectrically connected to connection pads 122. Meanwhile,
the first and second redistribution layers 1124 and 1125 and
the second and third redistribution layers 11256 and 112¢ may
be electmcally connected to each other through first and
second vias 113a and 1135 penetrating through the first and
second 1nsulating layers 111aq and 1115, respectively.

The redistribution layers 112a, 1125, and 112¢ may serve
to redistribute the connection pads 122 of the first semicon-
ductor chip 120 and the connection pads (not illustrated) of
the second semiconductor chip 180, and a conductive mate-
rial such as copper (Cu), aluminum (Al), silver (Ag), tin
(Sn), gold (Au), nickel (Ni1), lead (Pb), titanium (11), or
alloys thereof, may be used as a maternial of each of the
redistribution layers 112a, 1125, and 112¢. The redistribu-
tion layers 112a, 1126, and 112¢ may perform various
functions depending on designs of corresponding layers. For
example, the redistribution layers 112a, 1125, and 112¢ may
include ground (GND) patterns, power (PWR) patterns,
signal (S) patterns, and the like. Here, the signal (S) patterns
may include various signals except for the ground (GND)
patterns, the power (PWR) patterns, and the like, such as
data signals, and the like. In addition, the redistribution
layers 112a, 1125, and 112¢ may include via pads, wire pads,
connection terminal pads, and the like.

As a non-restrictive example, the third redistribution layer
112¢ may include wire pads 112¢P1 connected to the wires,
and wiring patterns 112¢L and 112¢P2 such as signal, power,
ground lines 112¢L or pads 112¢P2, or the like, connected to
the wire pads 112¢P1 and at least redistributing the connec-
tion pads (not 1llustrated) of the second semiconductor chip
180. In addition, the second redistribution layer 1125 may
include wiring patterns 1126P and 11256G such as signal,
power, ground pads 1126P or plane 1126G, or the like,
clectrically connected to the third redistribution layer 112c¢
through the second vias 11356 and at least redistributing the
connection pads (not 1llustrated) of the second semiconduc-
tor chip 180. In addition, the first redistribution layer 112a
may include wiring patterns 112al. and 112aP such as signal,
power, ground lines 112al. or pad 112aqP, or the like,
clectrically connected to the second redistribution layer 1125
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through the first vias 113a and at least redistributing the
connection pads (not 1llustrated) of the second semiconduc-
tor chip 180. The connection pads 122 of the first semicon-
ductor chip 120 may also be redistributed.

Portions of the third redistribution layer 112¢ may be
exposed through opemings 131 formed in the first encapsu-
lant 130, and the exposed third redistribution layer 112¢ may
be connected to the wires 182. That 1s, the exposed third
redistribution layer 112¢ may include the wire pads 112¢P1
connected to the wires. Meanwhile, a surface treatment layer
(not illustrated) may be formed on a surface of the exposed
third redistribution layer 112¢, 1t necessary. The surface
treatment layer (not 1llustrated) 1s not particularly limited as
long as 1t 1s known 1n the related art, and may be formed by
using, for example, electrolytic gold plating, electroless gold
plating, OSP or clectroless tin plating, electroless silver
plating, electroless nickel plating/substituted gold plating,
DIG plating, HASL, or the like.

Since the first redistribution layer 112qa 1s embedded in the
first msulating layer 111a, an 1insulating distance of an
insulating layer 141 of the second interconnection member
140 may be substantially constant, as described above. Since
the first interconnection member 110 may include a large
number of redistribution layers 112qa, 1125, and 112c¢, the
second interconnection member 140 may be simplified.
Therefore, a decrease 1n yield depending on a defect occur-
ring 1 a process of forming the second interconnection
member 140 may be improved. The first redistribution layer
112a may be recessed 1n the first mnsulating layer 111a, such
that a lower surface of the first insulating layer 111a may
have a step with respect to a lower surface of the first
redistribution layer 112a. Resultantly, when a first encapsu-
lant 130 1s formed, a phenomenon 1n which a material of the
first encapsulant 130 1s bled, polluting the first redistribution
layer 112a, may be prevented.

The lower surface of the first redistribution layer 112a of
the first interconnection member 110 may be disposed on a
level higher than a lower surface of the connection pad 122
of the first semiconductor chip 120. In addition, a distance
between a redistribution layer 142 of the second intercon-
nection member 140 and the first redistribution layer 112a of
the first interconnection member 110 may be greater than
that between the redistribution layer 142 of the second
interconnection member 140 and the connection pad 122 of
the first semiconductor chip 120. The reason 1s that the first
redistribution layer 112a¢ may be recessed 1n the first 1nsu-
lating layer 111a. The second redistribution layer 1125 of the
first interconnection member 110 may be disposed on a level
between an active surface and an 1active surface of the first
semiconductor chip 120. The first interconnection member
110 may be formed at a thickness corresponding to that of
the first semiconductor chip 120. Therefore, the second
redistribution layer 1125 formed in the first mnterconnection
member 110 may be disposed on a level between the active

surface and the i1nactive surftace of the first semiconductor
chip 120.

Thicknesses of the redistribution layers 112a, 1125, and
112¢ of the first interconnection member 110 may be greater
than that of the redistribution layer 142 of the second
interconnection member 140. Since the {irst interconnection
member 110 may have a thickness equal to or greater than
that of the first semiconductor chip 120, the redistribution
layers 112a, 1125, and 112¢ may be formed to be relatively
large, depending on a scale of the first interconnection
member 110. On the other hand, the redistribution layer 142
of the second interconnection member 140 may be formed
to be relatively small, for thinness.
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Descriptions of configurations overlapping the previously
described configuration will be omitted. Meanwhile, a
description of the fan-out semiconductor package 100B may
also be applied to the fan-out semiconductor package 100C.

FIG. 12 1s a schematic view illustrating another example
of a fan-out semiconductor package.

Referring to the drawing, in a fan-out semiconductor
package 100D according to another exemplary embodiment
in the present disclosure, a first interconnection member 110
may include a first insulating layer 111a, a first redistribution
layer 112a and a second redistribution layer 1126 disposed
on both surfaces of the first insulating layer 111a, respec-
tively, a second msulating layer 1115 disposed on the first
insulating layer 111a¢ and covering the first redistribution
layer 112a, a third redistribution layer 112¢ disposed on the
second insulating layer 1115, a third insulating layer 111c¢
disposed on the first insulating layer 111a and covering the
second redistribution layer 1125, and a fourth redistribution
layer 1124 disposed on the third insulating layer 111c¢. The
first to fourth redistribution layers 112a, 1126, 112¢, and
1124 may be electrically connected to connection pads 122.
Since the first interconnection member 110 may include a
larger number of redistribution layers 112a, 1125, 112¢, and
1124, the second interconnection member 140 may be
turther simplified. Therefore, a decrease 1n yield depending
on a defect occurring i a process of forming the second
interconnection member 140 may be improved. Meanwhile,
the first to fourth redistribution layers 112a, 1125, 112¢, and
1124 may be electrically connected to each other through
first to third vias 113a, 1135, and 113¢ each penetrating
through the first to third nsulating layers 111a, 1115, and
111c.

The redistribution layers 112a, 1125, 112¢, and 1124 may
serve to redistribute the connection pads 122 of the first
semiconductor chip 120 and the connection pads (not 1llus-
trated) of the second semiconductor chip 180, and a con-
ductive material such as copper (Cu), aluminum (Al), silver
(Ag), tin (Sn), gold (Au), nickel (N1), lead (Pb), titanium
(T1), or alloys thereotf, may be used as a material of each of
the redistribution layers 112a, 11256, 112¢, and 112d. The
redistribution lavers 112a, 1125, 112¢, and 1124 may per-
form various functions depending on designs of their cor-
responding layers. For example, the redistribution layers
112a, 1126, 112¢, and 1124 may include ground (GND)
patterns, power (PWR) patterns, signal (S) patterns, and the
like. Here, the signal (S) patterns may include various
signals except for the ground (GND) patterns, the power
(PWR) patterns, and the like, such as data signals, and the
like. In addition, the redistribution layers 112a, 1125, 112c¢,
and 1124 may include wvia pads, wire pads, connection
terminal pads, and the like.

As a non-restrictive example, the fourth redistribution
layer 1124 may include wire pads 1124P1 connected to the
wires, and wiring patterns 11241 and 1124P2 such as signal,
power, ground lines 1124l or pads 1124P2, or the like,
connected to the wire pads 1124P1 and at least redistributing
the connection pads (not illustrated) of the second semicon-
ductor chip 180. In addition, the second redistribution layer
1125 may include wiring patterns 1126P and 1125G such as
signal, power, ground pads 1126P or plane 1125G, or the
like, electrically connected to the fourth redistribution layer
1124 through the third vias 113¢ and at least redistributing
the connection pads (not 1llustrated) of the second semicon-
ductor chip 180. Further, the first redistribution layer 112a
may include wiring patterns 112al. and 112aP such as signal,
power, ground lines 112al. or pad 112aqP, or the like,
clectrically connected to the second redistribution layer 1125
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through the first vias 113a and at least redistributing the
connection pads (not illustrated) of the second semiconduc-
tor chip 180. Further, the third redistribution layer 112¢ may
include wiring patterns 112¢P and 112¢G such as signal,
power, ground pads 112¢P or plane 112¢G, or the like,
clectrically connected to the first redistribution layer 112a
through the second vias 11356 and at least redistributing the
connection pads (not 1llustrated) of the second semiconduc-
tor chip 180. The connection pads 122 of the first semicon-
ductor chip 120 may also be redistributed through these
wiring patterns.

Portions of the fourth redistribution layer 1124 may be
exposed through opemings 131 formed in the first encapsu-
lant 130, and the exposed fourth redistribution layer 112d
may be connected to the wires 182. That 1s, the exposed
fourth redistribution layer 1124 may include the wire pads
1124P1 connected to the wires. Meanwhile, a surface treat-
ment layer (not illustrated) may be formed on a surface of
the exposed fourth redistribution layer 1124, if necessary.
The surface treatment layer (not illustrated) 1s not particu-
larly limited as long as 1t 1s known 1n the related art, and may
be formed by using, for example, electrolytic gold plating,
clectroless gold plating, OSP or electroless tin plating,
clectroless silver plating, electroless nickel plating/substi-
tuted gold plating, DIG plating, HASL, or the like.

The first msulating layer 111a may have a thickness
greater than those of the second 1nsulating layer 1115 and the
third msulating layer 111c. The first mnsulating layer 111a
may basically be relatively thick in order to maintain rigid-
ity, while the second insulating layer 1115 and the third
insulating layer 111¢ may be introduced 1n order to form a
larger number of redistribution layers 112¢ and 112d. The
first insulating layer 111a may include an insulating material
different from those of the second insulating layer 1115 and
the third insulating layer 111¢. For example, the first insu-
lating layer 111a may be, for example, prepreg including a
core material, an morganic filler, and an 1nsulating resin, and
the second insulating layer 1115 and the third insulating
layer 111¢ may be an ABF or a photosensitive msulating film
including an inorganic filler and an insulating resin. How-
ever, the matenals of the first insulating layer 111 and the
second and third insulating layers 1115 and 111c¢ are not
limited thereto.

A lower surface of the third redistribution layer 112¢ of
the first interconnection member 110 may be disposed on a
level below a lower surface of the connection pad 122 of the
first semiconductor chip 120. In addition, a distance between
a redistribution layer 142 of the second interconnection
member 140 and the third redistribution layer 112¢ of the
first interconnection member 110 may be smaller than that
between the redistribution layer 142 of the second 1ntercon-
nection member 140 and the connection pad 122 of the first
semiconductor chip 120. The reason 1s that the third redis-
tribution layer 112¢ may be disposed on the second 1nsu-
lating layer 1115 in protruding form, resulting in contacting
the second interconnection member 140. The first redistri-
bution layer 112a and the second redistribution layer 1125 of
the first interconnection member 110 may be disposed on a
level between an active surface and an 1nactive surface of the
first semiconductor chup 120. The first interconnection mem-
ber 110 may be formed at a thickness corresponding to that
of the first semiconductor chip 120. Therefore, the first
redistribution layer 112q and the second redistribution layer
1125 formed 1n the first interconnection member 110 may be
disposed on a level between the active surface and the
iactive surface of the first semiconductor chip 120.
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Thicknesses of the redistribution layers 112a, 1125, 112c¢,
and 1124 of the first interconnection member 110 may be
greater than that of the redistribution layer 142 of the second
interconnection member 140. Since the first interconnection
member 110 may have a thickness equal to or greater than
that of the first semiconductor chip 120, the redistribution
layers 112a, 1125, 112¢, and 1124 may also be formed to be
relatively large. On the other hand, the redistribution layer
142 of the second interconnection member 140 may be
formed to be relatively small, for thinness.

Descriptions of configurations overlapping the previously
described configuration will be omitted. Meanwhile, a
description of the fan-out semiconductor package 100B may
also be applied to the fan-out semiconductor package 100D.

As set forth above, according to the exemplary embodi-
ment 1 the present disclosure, a fan-out semiconductor
package capable of sitmultaneously performing various func-
tions, being thinned, and having low signal loss may be
provided.

While exemplary embodiments have been shown and
described above, 1t will be apparent to those skilled 1n the art
that modifications and variations could be made without
departing from the scope of the present invention as defined
by the appended claims.

What 1s claimed 1s:

1. A fan-out semiconductor package comprising:

a first interconnection member having a through-hole;

a first semiconductor chip disposed 1n the through-hole of
the first interconnection member and having an active
surface having connection pads disposed thereon and
an 1nactive surface opposing the active surface;

a first encapsulant encapsulating at least portions of the
first interconnection member and the 1nactive surface of
the first semiconductor chip;

a second interconnection member disposed on the first
interconnection member and the active surface of the
first semiconductor chip;

a second semiconductor chip disposed on the first encap-
sulant and having an active surface having connection
pads disposed thereon; and

a second encapsulant encapsulating at least portions of the
second semiconductor chip,

wherein the first interconnection member include three or
more redistribution layers separate from each other by
two or more insulating layers and electrically con-
nected to the connection pads of the first semiconductor
chip at least through vias respectively penetrating the
two or more insulating layers,

the second 1nterconnection member include a redistribu-
tion layer electrically connected to the connection pads
of the first semiconductor chip, and

the connection pads of the second semiconductor chip are
clectrically connected to an uppermost layer among the
three or more the redistribution layers of the first
interconnection member by wires.

2. The tan-out semiconductor package of claim 1, wherein
the first encapsulant has openings exposing portions the
uppermost redistribution layer of the first interconnection
member which the wires are bonded to.

3. The fan-out semiconductor package of claim 1, wherein
the first semiconductor chip includes a processor chip, and

the second semiconductor chip mcludes a memory chip.

4. The fan-out semiconductor package of claim 1, wherein
a number of the three of more of the redistribution layers of
the first interconnection member 1s three and a number of the
two of more of the mnsulating layers of the first intercon-
nection member 1s two, and
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the first interconnection member includes a first insulating
layer, a first redistribution layer contacting the second
interconnection member and embedded 1n a first sur-
face of the first insulating layer, a second redistribution
layer disposed on a second surface of the first insulating
layer opposing the first surface of the first msulating
layer, a second insulating layer disposed on the first
insulating layer and covering the second redistribution
layer, and a third redistribution layer as the uppermost
redistribution layer disposed on the second insulating
layer.

5. The fan-out semiconductor package of claim 4, wherein
a distance between the redistribution layer of the second
interconnection member and the first redistribution layer 1s
greater than that between the redistribution layer of the
second 1nterconnection member and the connection pad of
the first semiconductor chip.

6. The fan-out semiconductor package of claim 4, wherein
the first redistribution layer has a thickness greater than that
of the redistribution layer of the second interconnection
member.

7. The fan-out semiconductor package of claim 4, wherein
the second redistribution layer 1s disposed on a level
between the active surface and the mmactive surface of the
first semiconductor chip.

8. The fan-out semiconductor package of claim 1, wherein
a number of the three of more of the redistribution layers of
the first interconnection member 1s four and a number of the
two of more of the insulating layers of the first intercon-
nection member 1s three, and

the first interconnection member includes a first insulating
layer, a first redistribution layer and a second redistri-
bution layer disposed on both surfaces of the first
isulating layer, respectively, a second 1nsulating layer
disposed on the first insulating layer and covering the
first redistribution layer, a third redistribution layer
disposed on the second insulating layer, a third 1nsu-
lating layer disposed on the first insulating layer and
covering the second redistribution layer, and a fourth
redistribution layer as the uppermost redistribution
layer disposed on the third insulating layer.

9. The fan-out semiconductor package of claim 8, wherein
the first insulating layer has a thickness greater than that of
the second insulating layer.

10. The fan-out semiconductor package of claim 8,
wherein the third redistribution layer has a thickness greater
than that of the redistribution layer of the second 1ntercon-
nection member.

11. The fan-out semiconductor package of claim 8,
wherein the first redistribution layer 1s disposed on a level
between the active surface and the mactive surface of the
first semiconductor chip.

12. A fan-out semiconductor package comprising:

a first interconnection member having a through-hole;

a first semiconductor chip disposed 1n the through-hole of
the first interconnection member and having an active
surface having connection pads disposed thereon and
an inactive surface opposing the active surface;

a lirst encapsulant encapsulating at least portions of the
first interconnection member and the inactive surface of
the first semiconductor chip;

a second interconnection member disposed on the first
interconnection member and the active surface of the
first semiconductor chip;

a second semiconductor chip disposed on the first encap-
sulant and having an active surface having connection
pads disposed thereon;
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a second encapsulant encapsulating at least portions of the

second semiconductor chip;

a backside redistribution layer disposed on the first encap-

sulant; and

a backside via penetrating through the first encapsulant

and electrically connecting the backside redistribution
layer and the redistribution layer of the first intercon-
nection member to each other,

wherein the first interconnection member and the second

interconnection member 1nclude, respectively, redistri-
bution layers electrically connected to the connection
pads of the first semiconductor chip, and

the backside redistribution layer includes wire pads con-

nected to the connection pads of the second semicon-
ductor chip by wires and wiring patterns redistributing
the connection pads of the second semiconductor chip.

13. The fan-out semiconductor package of claim 12,
further comprising a passivation layer disposed on the first
encapsulant and having openmings exposing portions of the
backside redistribution layer which the wires are bonded to,

wherein the second semiconductor chip 1s disposed on the

passivation layer.

14. The fan-out semiconductor package of claim 12,
wherein the first semiconductor chip includes a processor
chip, and

the second semiconductor chip includes a memory chip.

15. The fan-out semiconductor package of claam 12,
wherein the redistribution layers of the first interconnection
member 1ncludes first and second redistribution layers,

the first interconnection member further includes a first

insulating layer,

the first redistribution layer contacts the second intercon-

nection member and 1s embedded 1n a first surface of
the first msulating layer, and

the second redistribution layer 1s disposed on a second

surface of the first insulating layer opposing the first
surface of the first mnsulating layer.

16. The fan-out semiconductor package of claim 135,
wherein a lower surface of the first insulating layer has a step
with respect to a lower surface of the first redistribution
layer.

17. The fan-out semiconductor package of claim 15,
wherein the redistribution layers of the first interconnection
member includes a third redistribution layer,

the first interconnection member further includes a second

isulating layer disposed on the first msulating layer
and covering the second redistribution layer, and

the third redistribution layer 1s disposed on the second

insulating layer.

18. The fan-out semiconductor package of claim 12,
wherein the redistribution layers of the first interconnection
member includes first to third redistribution layers,

the first interconnection member further includes first and

second 1nsulating layers,

the first redistribution layer and the second redistribution

layer are disposed on both surfaces of the first insulat-
ing layer, respectively,

the second insulating layer 1s disposed on the first 1nsu-

lating layer and covers the first redistribution layer, and
the third redistribution layer 1s disposed on the second
insulating layer.

19. The fan-out semiconductor package of claim 18,
wherein the redistribution layers of the first interconnection
member includes a fourth redistribution layer,

the first interconnection member further includes a third

isulating layer disposed on the first msulating layer
and covering the second redistribution layer, and
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the fourth redistribution layer i1s disposed on the third
insulating layer.

20. A fan-out semiconductor package comprising:

a first interconnection member having a through-hole;

a first semiconductor chip disposed in the through-hole of 5
the first interconnection member and having an active
surface having connection pads disposed thereon and
an 1nactive surface opposing the active surface;

a lirst encapsulant encapsulating at least portions of the
first interconnection member and the mnactive surface of 10
the first semiconductor chip;

a second interconnection member disposed on the first
interconnection member and the active surface of the
first semiconductor chip;

a second semiconductor chip disposed directly on the first 15
encapsulant and having an active surface having con-
nection pads disposed thereon; and

a second encapsulant encapsulating at least portions of the
second semiconductor chip,

wherein the first interconnection member and the second 20
interconnection member 1nclude, respectively, redistri-
bution layers electrically connected to the connection
pads of the first semiconductor chip, and

the connection pads of the second semiconductor chip are
clectrically connected to the redistribution layer of the 25
first interconnection member.
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